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PREFACE 

A  number  of  publications  on  various  phases  of  alcohol  production 
use,  technology,  and  economics  have  been  issued  by  the  United  States 
Department  of  Agriculture  during  the  past  four  decades.  These  pub- 
heat  ions  originated  principally  in  the  scientific  research  agency  that 
has  been,  successively,  the  Division  of  Chemistry  (until  1901),  the 
Bureau  of  Chemistry  (1901-27),  the  Bureau  of  Chemistry  and  Soils 
(1927-38),  the  Bureau  of  Agricultural  Chemistry  and  Engineering 
(1938-43),  and  presently  the  Bureau  of  Agricultural  and  Industrial 
Chemistry  of  the  Agricultural  Research  Administration. 

Earlier' publications  on  alcohol,  by  H.  W.  Wiley  and  his  associates, 
were  issued  by  the  Bureau  of  Chemistry  in  1906-10,  shortly  after  the 
passage  of  the  industrial  alcohol  act.  Subsequently  a  pamphlet  en- 
titled ''Information  on  Industrial  Alcohol,"  by  W.  W.  Skinner,  was 
issued  in  1922.  This  was  intended  for  use  in  replying  to  general  in- 
quiries on  alcohol.  Because  of  wade  and  continued  public  demand  for 
this  type  of  information,  the  pamphlet  w^as  revised  by  staff  members 
of  the  Bureau  of  Chemistry  and  Soils  and  reissued  in  May  1936. 

The  major  changes  that  have  taken  place  in  the  alcohol  industry  in 
the  past  decade  have  caused  former  publications  to  become  obsolete 
rapidly,  and  frequent  revisions  of  texts  have  been  necessary  to  reflect 
technological  and  other  changes.  A  third  and  expanded  revision  of 
the  1936  publication  was  made  by  P.  Burke  Jacobs,  and  issued  as 
Bureau  of  Chemistry  and  Soils  Chcular  MC-22  in  January  1938. 
Continued  demand  necessitated  a  further  expanded  revision  by  Mr. 
Jacobs,  which  w^as  issued  in  March  1943  as  Bureau  of  Agricultural  and 
Industrial  Chemistry  Circular  AIC-3,  entitled  "Industrial  Alcohol." 
All  of  these  former  publications  are  out  of  print. 

In  the  present  publication  it  has  been  the  objective  to  include  a  w^ide 
variety  of  information  on  chemical,  technological  processing,  and  in- 
dustrial aspects.  Data  from  other  publications  on  alcohol  ^  by  Mr. 
Jacobs  have  been  incorporated  herein,  so  as  to  combine  essential  in- 
formation comprehensively  in  one  general  pm'pose  text. 

'  In  particular,  Motor  Fuels  from  Farm  Products,  Misc.  Pub.  327;  Alcohol  from 
Agricultural  Commodities,  AIC-95;  and  Industrial  Alcohol,  AlC-3.  Sources  of 
additional  information  are  given  on  p.  94. 
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ETHYL  ALCOHOL 
Origin  and  Chemistry 

Ethyl  alcohol,  commonly  known  as  "grain"  alcohol  and  formerly 
desio:nated  by  many  titles,  such  as  "spirits  of  wine/'  "eaii  de  vie/'  etc., 
has  been  used  by  the  human  race  since  the  da^vn  of  history.  It  has 
been  perhaps  the  most  universally  known  chemical  compound  manu- 
factured. Originalh'  produced  by  the  spontaneous  fermentation  of 
sugars,  it  was  utilized  unknowingly  by  ancient  races  who  were  aware 
of  its  intoxicating  effect,  and  who  evolved  methods  of  producing  many 
types  of  alcoholic  beverages. 

*^  The  Arabs  and  the  Romans  learned  to  extract  and  partially  concen- 
trate the  spirit  from  wine  or  from  other  fermented  materials  in  crude 
stills.  This  more  concentrated  spirit  actually  represented  the  first 
form  of  industrial  alcohol  (i.  e.,  for  other  than  beverage  use)  and  was 
employed  in  the  preparation  of  perfumes,  cosmetics,  and  as  a  medic- 
inal agent.  Later  civilizations  improved  upon  the  distillation  and 
purification  processes.  As  the  sciences  of  chemistry  and  medicine 
developed,  ethyl  alcohol  found  increasing  use  as  a  chemical  agent,  an 
ingredient,  or  a  raw  material  for  the  formation  of  other  compounds, 
and  as  a  therapeutic  aid.  In  addition,  its  world-wide  use  as  an  essen- 
tial ingredient  in  various  beverages  continued,  so  that  the  manufacture 
of  the"  many  diverse  types  of  alcoholic  products  eventually  became 
specialized  industries. 

Chemicalh^  ethyl  alcohol  (ethanol)  is  one  member  of  a  series  of 
related  substances  (alcohols),  other  commonly  known  members  of 
which  include  "wood"  alcohol  (methanol),  isopropyl  alcohol  (iso- 
propanol),  butyl  alcohol  (butanol),  and  amyl  alcohol  (pentanol). 
These  compounds  all  have  a  definitely  related  chemical  constitution 
or  structure,  but  differ  by  the  number  of  carbon  atoms  in  each — Ci  = 
methanol,  C2  =  ethanol,  Cs^propanol,  C4=butanol.  C5=pentanol, 
and  so  on.  Various  (lower  carbon)  members  of  the  family  have 
physical  properties  of  considerable  similarity,  and  can  be  substituted 
for  each  other  to  a  considerable  extent  in  certain  uses.  The  lower 
carbon  alcohols  (Ci  to  C3)  are  liquids  and  are  completely  water  soluble; 
the  slightly  higher  carbon  members  (C4  to  Cg)  are  liquids  of  progres- 
sively decreasing  water  solubility  and  increasingly  oily  character; 
and  the  higher  (CieH-)  carbon  compounds  are  solids  insoluble  in  water. 

These  alcohols  are  produced  commercially  from  dift'erent  raw  ma- 
terials and  by  different  methods.  Methanol  originated  commercially 
from  the  destructive  distillation  of  wood  (hence  its  former  name)  al- 
though now  it  prmcipally  is  produced  synthetically  from  gases.  Like- 
wise, ethanol,  isopropanol,  and  butanol  now  largely  are  chemically 
synthesized  from  certain  hydrocarbon  gases  such  as  occur  in  natural 
gas  or  in  the  gases  evolved  from  petroleum  refining.  Of  the  alcohol 
series,  only  ethanol  and  butanol  (and  some  pentanol)  are  produced 
commei'cially  in  significant  amounts  by  fermentation  processes  based 
on  sugar  or  starch  (car])ohy(h-ates).  All  of  the  lower  carbon  members 
of  the  family  now  arc  prochiced  commercially  to  a  large  extent  by 
synthesis. 

Although  ethyl  alcohol  now  is  produced  from  many  types  of  raw 
materials  and  by  diverse  methods,  mitil  about  1929  it  was  produced 
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commercially  in  the  United  States  only  by  the  fermentation  of  starch 
or  sugar.  In  recent  years  it  has  been  losing  some  of  its  former  indus- 
trial importance  because  of  competition  from  methanol,  isopropanol, 
butanol,  and  other  alcohols  or  derivatives  thereof;  legal  restrictions 
surrounding  its  use;  the  relative  costs  of  production;  and  its  relative 
value  for  specific  uses.  However,  because  of  its  manifold  uses  and 
applications  in  industry,  commerce,  medicine,  and  the  home,  both  as  a 
chemical  agent  and  as  a  beverage  ingredient,  ethyl  alcohol  continues 
to  be  a  very  important  chemical  commodity.  It  is  marketed  in  many 
forms,  ranging  from  pure  and  practically  anhydrous  alcohol  to  solu- 
tions or  mixtures  containmg  various  (and  often  relatively  small)  per- 
centages of  spirit. 

Taxation  and  Legal  Definition 

For  several  centuries  it  has  been  customary  for  governments  to  levy 
a  tax  on  solutions  and  distillates  containing  ethyl  alcohol,  thus  raising 
revenue  while  achieving  a  form  of  penalization  or  restraint  upon  the 
use  of  intoxicating  beverages.  In  the  United  States,  early  Congresses 
levied  taxes  on  rum  and  whisky  (the  latter  causing  the  ''A^Tiisky  Re- 
bellion" of  1792) .  After  the  Civil  War  the  taxation  system  was  greatly 
expanded.  With  the  increasing  production  and  availability  of  more 
highly  purified  spirits  suitable  for  use  as  a  chemical  agent  or  as  raw 
material  in  industry  (i.  e.,  nonbeverage  use)  during  the  past  century, 
it  gradually  became  evident  that  the  imposition  of  a  beverage  tax  upon 
a  chemical  commodity  introduced  unnecessary  costs  into  many  man- 
ufacturing operations. 

In  1906,  following  the  earlier  example  of  France,  Germany,  Great 
Britain,'  and  other  nations,  Congress  passed  an  act,  known  as  the 
Denatured  Alcohol  Act,  permitting  the  production  and  sale  of  tax- 
free  alcohol  for  industrial  purposes  but  imposing  certain  restrictions 
on  such  use.  The  addition  of  denaturing  substances  was  authorized 
as  a  form  of  preventative  against  the  subsequent  illegal  recovery  or 
use  of  such  alcohol  as  a  beverage,  since  all  alcoholic  beverages  were, 
and  still  are,  subject  to  taxation.  In  a  supplemental  act  of  March  2, 
1907,  the  original  legislation  was  broadened. 

In  the  United  States,  until  1919  (October  28)  all  distilled  ethyl 
alcohol,  whether  for  industrial  or  beverage  use,  was  produced  in  dis- 
tilleries. Passage  of  the  18th  Amendment,  effective  January  16,  1920 
(and  National  Prohibition  Act)  caused  a  separation  of  product  types, 
creating  industrial  alcohol  (so-called  Title  III)  plants,  which  produced 
concentrated  alcohol  for  industrial  and  scientific  uses,  the  production 
of  alcoholic  distillates  for  beverage  uses  being  limited  to  distilleries. 
This  was  effected  under  Title  III  of  the  legislation.  Upon  passage  of 
the  Twenty-first  amendment,  effective  December  5,  1933  (and  Repeal 
Act)  the  provisions  of  Title  III  were  continued  in  force. 

The  industrial  alcohol  industry  thus  created  is  legally  separate  and 
distinct  from  the  beverage  alcohol  industry.  Because  of  the  tax  as- 
pect, however,  all  alcohol  production  industries  in  the  United  States 

2  Denatured  alcohol,  usually  referred  to  abroad  as  "methylated  spirit,"  became 
available,  tax-free,  for  industrial  use  as  follows:  Great  Britain  1855,  Netherlands 
1865,  France  1872,  Germany  about  1887,  Austria  1888,  Italv  1889,  Sweden  1890, 
Norway  1891,  Switzerland  1893,  and  Belgium  1896. 
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are  subject  to  the  revenue  laws  relating  to  alcoholic  liquors.  These 
laws  are  administered  by  the  Alcohol  Tax  Unit,  Bureau  of  Internal 
Revenue,  United  States  Department  of  the  Treasury.  Hence,  the 
alcohol  industries  are  controlled  and  regulated  by  Federal  rules  and 
regulations  originating  in  the  Alcohol  Tax  Unit.  Xo  ethyl  alcohol 
may  be  produced  or  sold,  in  any  form,  without  the  permission  and 
supervision  of  this  agency  (26,  29)? 

Alcohol  produced  in  industrial  alcohol  plants  for  tax-free  industrial 
purposes  usually  is  marketed  as  denatured.  Denaturing  signifies  that 
certain  chemical  agents  have  been  added,  in  accordance  with  the  regu- 
lations, to  render  such  alcohol  relatively  unfit  for  human  consumption. 
However,  relatively  pure  (undenatured)  alcohol  also  is  marketed  by 
the  industrial  alcohol  industry  (usually  at  95-percent  concentration), 
and  such  alcohol  may  be  sold  as  tax-free  or  tax-paid,  depending  on 
use.  Thus,  straight  alcohol  for  hospitals,  scientific,  or  Government 
use  is  tax-free,  while  similar  alcohol  used  in  foods,  flavorings,  or 
pharmaceuticals  for  human  internal  use  is  taxed.  Straight  alcohol  is 
used  also  as  an  added  component  of  certain  types  of  beverage  spirits 
(as  so-called  neutral  spirits)  in  the  manufacture  of  blended  whiskies 
(alcohol-water  dilutions  of  distilled  whisky),  and  also  in  the  manu- 
facture of  gin,  cordials,  and  the  like.  When  thus  used  for  ultimate 
beverage  purposes,  such  alcohol  ordinarily  is  considered  statistically 
as  industrial  alcohol,  as  produced,^  but  as  distilled  spirits  (beverage 
alcohol),  as  utilized,  and  it  bears  the  same  tax  as  distilled  spirits.^ 

Ethyl  alcohol,  although  historically  produced  b}^  fermentation,  now 
also  is' produced  synthetically,  or  as  a  byproduct  of  certain  industrial 
chemical  operations.  Alcohol  of  such  synthetic  or  chemical  origin  is 
classed  as  industrial  alcohol  without  distinction  from  fermentation 


^  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  page  92. 

^  Since  1936,  the  manufacture  of  a  product  identical  with  95-percent  straight 
alcohol  has  been  permitted  in  distilleries,  for  subsequent  use  as  blending  spirits. 
However,  this  product  could  be  sold  outside  the  distillery  only  if  reduced  below 
160  proof.  Under  statutory  amendments  accomplished  by  the  acts  of  January 
24  and  March  27.  1942,  such  alcohol  for  the  present  can  be  marketed  as  190 
proof.  However,  such  product  is  defined  as  (high  proof)  spirits,  and  not  as 
alcohol.  Such  spirit  subsequently  may  be  designated  as  alcohol  after  transfer 
from  distillery  to  an  industrial  alcohol  plant,  industrial  alcohol  warehouse,  or 
denaturing  plant,  since  it  is  practically  identical  with  the  straight  alcohol  from 
an  industrial  alcohol  plant. 

5  At  present,  the  tax  on  beverage  alcohol  is  S9  per  proof  (or  tax)  gallon.  A 
proof  gallon  represents  1  U.  S.  standard  wine  gallon  (231  cubic  inches  volum.e) 
containing  50  perceiit  of  alcohol  by  volume  (42.5  percent  by  weight).  There 
are  3.3065  pounds  of  pure  (100  percent)  alcohol  in  a  proof  gallon.  For  tax  pur- 
poses the  alcohol  content  of  any  mixture,  at  any  percentage,  is  always  comptited 
to  proof  gallon  basis  and  so  reported  (exclusive  of  denatured  alcohol),  regardless 
of  the  original  volumetric  gallonage  represented  by  the  particular  mixture.  The 
designated  "proof"  of  any  alcoholic  liquid  is  twice  the  percentage  of  alcohol 
(by  volume)  present.  One  gallon  of  95-percent  (or  190  proof)  alcohol,  therefore, 
represents  1.9  proof  gallons.  All  industrial  alcohol  must  be  160  proof  or  over. 
This  tax  is  rebated,  in  part  ($6),  when  the  alcohol  is  used  for  special  purposes 
(food  flavorings,  pharmaceuticals,  etc.).  British  nations  use  a  different  "proof" 
basis  (49.24  percent,  by  weight)  and  employ  a  different  degree  system.  Also, 
they  use  the  Imperial  gallon,  which  is  1.2  American  gallons.  The  term  "proof" 
is  derived  from  an  old  chemical  evaluation  test  used  to  determine  alcoholic  con- 
tent, probably  several  centuries  ago.  Proof  alcohol  represented  that  concentra- 
tion at  which  gunpowder  would  ignite,  when  saturated  with  the  liquid.  Liquids 
more  dilute  were  "under  proof;"  conversely,  "over  proof."  These  terms  still 
are  employed  in  Great  Britain. 
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alcohol,  and  it  now  represents  a  very  significant  part  of  the  total 
production  of  ethyl  alcohol.  Without  adhering  too  closely  to  the 
wording  of  the  regulations  of  the  Treasury  Department,  the  term 
"industrial  alcohol"  may  be  defined  for  practical  purposes  as  including 
all  pure  (or  undenatured)  alcohol  however  derived  {29,  30),  and  all 
mixtures  of  alcohol  with  chemical  denaturing  agents. 

In  the  manufactm-e  of  alcohol  for  industrial  uses,  high  alcohol 
concentration  and  relative  pmity  are  stressed.  Such  production 
necessitates  careful  supervision  over  raw  materials  and  manufacturing 
processes  to  obtain  adequate  yields  and  acceptable  quahty,  but  great 
latitude  as  to  raw  materials  exists.  Denaturing  agents  used  must  be  of 
approved  type. 

Alcohol  for  beverage  use  falls  into  a  different  category.  Alcoholic 
beverages  are  of  two  general  types,  distilled  and  undistilled.  ^Tiisky, 
brand}^,  and  rum  are  examples  of  the  type  produced  by  distillation. 
They  are  designated  generally  as  distilled  spirits.  Wine,  beer,  and 
liquem-s  (ordinarily),  however,  represent  types  that  are  not  distilled. 
None  of  these  products  are  classed  as  industrial  alcohol,  although  they 
contain  alcohol  and,  in  the  case  of  distilled  spirits,  are  produced  by  a 
fermentation  and  distillation  process  similar  to  that  employed  for 
(fermentation)  industrial  alcohol.  Whisky,  brandy,  and  rum,  while 
consisting  principally  of  ethyl  alcohol  and  water  (usually  50  percent 
alcohol  or  less),  contain,  in  addition,  small  quantities  of  natm-ally 
occurring  congeneric  substances  that  impart  characteristic  flavors  and 
bouquets  which  are  lacking  in  mixtui^es  of  pure  alcohol  and  water. 
Types  of  beverage  products  are  related  to  the  character  of  the  raw 
material  used  (whisky  from  grain,  brandy  from  fruit,  rum  from  molas- 
ses, etc.).  Such  spirituous  beverages  are  produced  under  special 
regulations  and  conditions  (26,  28,  31),  and  in  the  case  of  distilled 
spii'its,  usually  are  distilled  at  somewhat  lower  concentrations  than 
industrial  alcohol.  They  are  sold  practically  in  the  form  produced 
(water  additions  only),  with  principal  emphasis  on  character  (taste  or 
bouquet)  rather  than  on  alcohol  concentration.  To  govern  the  com- 
position and  content  of  the  congeneric  substances  in  the  several  legally 
identified  types  of  beverage  spirits,  use  of  specific  raw  materials 
is  mandatory,  and  specialized  steps  in  the  process  of  manufacture 
are  essential. 

Malt  beverages  (beer)  and  wines,  fermented  products  of  grain  or 
fruit,  respectively,  ordinarily  are  not  distilled,  but  are  used  as  originally 
produced.  Their  alcohol  concentrations  are  relatively  low,  (beer,  3 
to  5  percent;  wines,  12  to  20  percent).  Raw  materials  which  can  be 
used  are  specifically  limited  by  regulations  [35,  27).  So-called  forti- 
fied wines,  such  as  muscatel,  port,  sherry,  and  the  like  contain  added 
brandy,  a  distilled  spii'it.  (This  brandy  prevents  subsequent  fermen- 
tation and  avoids  the  possibility  of  the  sugar  in  sweet  wines  being 
converted  into  alcohol.)  Thus,  fortified  wines  have  a  high  alcoholic 
content  (20  percent).  In  contrast,  light  table  wines  such  as  bm-gundy, 
chianti,  claret,  sauterne,  zinfandel,  etc.,  usually  contain  only  about  12 
percent  of  alcohol,  which  is  the  usual  maximum  obtainable  in  straight 
fermentation.  Gin  and  liqueurs  are  decoctions  of  various  flavoring 
materials  in  straight  (diluted)  alcohol,  and  are  not  produced  by 
fermentation.  These  products  are  not  distilled  (excepting  some  types 
of  gin). 
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THE  ALCOHOL-DISTILLATION  INDUSTRIES 

The  manifold  applications  of  alcohol  can  be  differentiated  into  two 
general  fields:  (a)  chemical  and  physical  uses,  and  (b)  beverage  uses. 
Four  practically  separate  industries  have  been  evolved  to  supplv 
these  requii^ements — industrial  alcohol  plants,  distilleries,  wineries. 
and  breweries,  the  last  tliree  of  these  being  wholly  beverage  producers. 
However,  in  usual  practice,  only  the  first  two  mentioned  actually 
separate  and  recover  alcohol  by  distillation. 

From  a  production  standpoint,  a  general  differentiation  of  the 
alcohol  distillation  industries  can  be  made.  Practically  all  alcohol 
produced  for  chemical,  physical,  or  manufacturing  uses  is  originally 
recovered  at  concentrations  of  95  percent  by  volume  or  higher  and  in 
a  relatively  pure  state,  regardless  of  the  subsequent  use  or  form  in 
which  sold.  Minimum  allowable  concentration  is  80  percent  by  vol- 
ume (160  proof).  All  alcohol  produced  at  such  concentration  (and 
degree  of  purity)  is  known  as  industrial  alcohol  ^  regardless  of  source 
material,  and  is  produced  under  and  controlled  by  specific  regulations, 
at  industrial  alcohol  plants  {28,  29).  In  contrast,  ethyl  alcohol  re- 
covered by  distillation  for  use  only  as  a  beverage  (whisky,  brandy, 
rum)  ordinarily  is  handled  in  concentrations  not  exceeding  80  percent 
by  volume  (160  proof)  in  a  semipurified  state  only,  and  is  produced 
and  used  under  distinctly  separate  legal  regulations  {26,  28,  31).  and 
source  materials  are  specifically  limited.  These  production  plants  are 
known  as  registered  distilleries. 

The  simple  industry  classification  thus  indicated  actually  is  quite 
complicated.  Wien  suitable  bonds  protecting  the  Government 
against  tax  loss  through  illegal  diversion  of  alcohol  are  filed  and  per- 
mits obtained,  in  certain  instances  registered  distilleries  may  be  oper- 
ated alternatively  as  industrial  alcohol  plants  or  vice  versa  for  definite 
periods,  losing  one  legal  identity  and  assuming  another  temporaril}^. 
In  other  instances,  legally  independent  and  separate  industrial  alcohol 
plants  and  (beverage)  distilleries  may  be  parts  of  one  common  parent 
organization,  sometimes  occupying  adjoining  premises  for  simultane- 
ous operations.  Some  industrial  alcohol  plants  may  be  subdivided  as 
to  raw  material  or  equipment  use,  and  occasionally  such  plants  may 
produce  acetone  and  butanol  also,  under  part-time  or  part-plant  opera- 
tions, since  the  plant  equipment  is  capable  of  such  dual  use.  At  pres- 
ent the  production  of  malt  sirups  in  industrial  alcohol  plants  is  per- 
mitted temporarily  by  congressional  resolutions  of  1946-48. 

Fruit  distilleries  may  recover  alcohol  by  distillation  from  byproducts 
of  wine  production,  and  such  alcohol  may  be  used  to  fortify  wines,  or 
sold  as  brandy.  Consequently,  many  fruit  distilleries  are  identical  in 
ownership  or  are  operated  in  conjunction  with  wineries.  Fruit  dis- 
tilleries also  might  operate  as  grain  distilleries  or  vice  versa,  under 
suitable  bonding  and  permit  arrangements.  It  should  be  emphasized 
that  each  legal  entity,  in  all  these  instances,  must  be  physically  separate 
and  distinct  and  covered  by  separate  bonds  to  cover  conceivable 
revenue  losses. 

Furthermore,  in  the  production  of  de-alcoholized  malt  liquor  certain 
amounts  of  alcohol  may  be  recovered.     Rum  may  be  denatured  for 

*See  footnote  4,  page  4. 
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industrial  (nonbeveiage)  use.  Rectifying  plants  may  rehandle  alcohol 
produced  in  industrial  alcohol  plants  or  spirits  produced  in  distilleries 
to  produce  new  beverage  compounds  (rectified  spirits,  cordials,  etc.). 
These  plants  physically  might  be  located  contiguous  to  a  distillery 
but  nevertheless  must  have  a  separate  legal  entity.  An  additional 
"rectifying"  tax  must  be  paid  in  this  instance.  Denatured  alcohol 
actual^  is  not  made  in  industrial  alcohol  plants,  which  make  only 
straight  alcohol,  but  in  denaturing  plants  which  are  legally  separate 
from  the  alcohol  plants,  although  perhaps  located  on  adjoining  but 
separately  bonded  premises.  In  addition,  certain  chemical  plants 
which  are  users  but  not  producers  of  alcohol  may  be  allowed  to  recover 
denatured  alcohol  for  reuse  in  their  own  processes.  Therefore,  the 
industrial  aspects  are  quite  complex  when  considered  in  detail. 

The  following  discussion  considers  alcohol  only  in  its  relatively  con- 
centrated form,  hence  is  primarily  concerned  with  the  industrial  alco- 
hol industry.  However,  certain  aspects  of  the  distilled  spirits  industry 
are  considered  also,  where  applicable,  since  this  industry  is  closely 
related  in  many  ways. 

History  of  Production 

The  usual  consumption  of  domestically  produced  alcohol  in  the 
United  States  in  various  channels  for  chemical,  physical,  or  manufac- 
turing use,  immediately  prior  to  1939,  averaged  about  115  million 
(wine)  gallons  annually.  This  was  marketed  either  as  pure  alcohol, 
completely  denatured  alcohol,'  or  as  specially  denatured  alcohol.  Cer- 
tain quantities  (13  to  19  million  gallons)  of  the  undenatured  alcohol 
were  used  annually  for  purposes  which  might  be  considered  as  rela- 
tively nonindustrial,  both  as  tax-free  and  tax-paid  alcohol,  much  of 
which  subsequently  was  transferred  to  and  used  by  the  beverage  in- 
dustry for  blending  of  spirituous  liquors.  (This  can  be  considered 
as  representing  a  special  use  of  industrial  alcohol,  although  statisti- 
cally included  in  such  production.)  Production  of  industrial  alcohol 
is  given  in  table  1,  and  the  production  of  distilled  spirits  is  shown  in 
table  2.  In  these  tables  the  production  of  high-proof  spirits  in  dis- 
tilleries has  been  separated  and  included  in  table  1  (column  2)  to  show 
its  effective  relationship  to  industrial  alcohol.  Data  on  distilled- 
spirits  production  in  table  2  (column  1)  are  correspondingly  reduced. 
Total  withdrawals  of  alcohol  as  tax-paid,  for  both  industries,  are  com- 
bined in  table  1  (column  3).  Such  alcohol  essentially  finds  use  as 
blending  spirits,^  although  from  5  to  7  million  proof  gallons  annually 
may  find  other  use. 

^  These  designations  refer  to  two  general  classes  of  denatured  alcohol  {30) .  Com- 
pletely denatured  alcohol  contains  added  chemicals  of  types  and  in  amounts  suffi- 
cient to  prevent  recovery  of  ethyl  alcohol  therefrom  in  a  purity  suitable  for  bever- 
age use,  by  any  reasonable  method.  It,  therefore,  can  be  marketed  with  little 
restriction.  Specially  denatured  alcohol  represents  partial  denaturation  only, 
usable  alcohol  possibly  being  recoverable  therefrom.  Hence  specially  denatured 
alcohol  (±57  formulas)  is  sold  only  on  a  Federal  permit  basis,  for  authorized 
specific  uses,  and  handling  is  subject  to  control  and  supervision. 

8  Blending  alcohol  use  perhaps  may  be  checked  more  closely  by  consulting 
tables  showing  alcohol  used  for  rectification,  issued  by  the  Alcohol  Tax  Unit. 
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Table  2. — Production  oj  distilled  spirits  ^ 


Year  ended  June  30 


Total  whisky 
Total  produc-  j    Whisky  pro-     stocks  on  hand, 
tion  I         dnction  June  30  (orig- 

I  inal  gage) 


1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 


Proof  gallons 

76,  506,  388 
168,  000,  931 
252.  089,  847 
245.  652,  339 
133,  758,  471 
129,  172,  021 
126,  161,401 

155,  008.  163 
157,  981,  798 

39,  916,  974 

23,  804,  845 

73,  105,  032 

192,  035,  883 

218,  674,  455 

156,  459,  458 


Proof  qallons 

62,  352,  666 
149,  112,  923 
223,  659,  539 
223,  457,  850 
102,  895,  872 

93,  003.  917 

98.  993.  303 
121,  851,  983 
120,  257.  424 

19,  529.  698 
None 

41.  562.  303 
147,  464,  516 
167,  994,  805 
129,  597,  067 


Proof 
18. 
57. 
152. 
300. 
445. 
471, 
478. 
480. 
504, 
516, 
424, 
348. 
307. 
374. 
464. 
522. 


gallons 
442.  955 
717.  662 
807.  235 
658,  508 
285,  663 
159,  539 
899,  618 
937,  609 
080.  691 
918,  887 

824,  966 
646,  381 
587.  545 
072.  056 

825.  305 
260,  756 


Year  endea  June  30 


Grain  equivalent  of  whisky  and  high-proof  spirits 
produced  (56-pound  bushels) 


Corn 


Rve 


Malt 


Wheat  or 
miscellane- 
ous grain  ^ 


1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 


(2)  (2)  (2) 

7,  835,  666  4,  471,  613  2,  127,  374 

18,  222,  666  10,  170,  985  4,  557,  621 

29.  306,  002  12.  562.  587  6.  221.  831 

32.698,074  11,551.036  6,394.013 

16.  448.  145  5,  958.  563  3,  210.  582 

15.  289,  600  5,  452,  554  2,  719.  270 

16.  468,  000  5,  534,  102  3,  028,  870 
20.  279,  223  6,  463,  553  3.  811,  465 

(About  25.0  million  bushels  of  total  grain 
(About  4.0  million  bushels  of  total  grain 

(No  production) 
(About  8.3  million  bushels  of  total  grain 
(About  29.5  million  bushels  of  total  grain 
(About  33.5  million  bushels  of  total  grain 
(About  27.0  million  bu.shels  of  total  grain 


47.  398  W 
55.  347  M 
66.  356  M 
59.  437  M 
41.  831  M 
58,  458  W 
31,  858  W 
45,  010  W 
(estimatea))* 
(estimated))^ 

(estimated))^ 
(estimated))^  ^ 
(estimated))^  * 
(estimated))^  s 


1  Includes  production  of  whisky,  rum,  gin,  and  brandy  only,  excluding  high-test 
spirits  as  reported  in  table  1,  column  3. 

2  ETid  of  prohibition  era. 

^  W — wheat;  M — miscellaneous  grains. 

*  For  whisky  production  only.  Does  not  include  materials  u.><ed  in  industrial 
alcohol  plants. 

5  Total  u.se  of  all  grain  in  distilleries  (1946),  including  high-proof  spirits  produc- 
tion, was  about  55.0  million  bushels,  53.1  million  bushels  in  1947,  and  44.5  million 
bushels  in  1948. 
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The  amount  of  industrial  alcohol  used  annually,  previous  to  the  re- 
cent war,  has  fluctuated  with  general  trade  activity.  Wliile  a  some- 
what increasing  trend  was  shown,  there  was  no  opening  or  development 
of  significant  new  or  enlarged  markets  over  many  years.  Occasional 
new  or  increased  consumption  in  specific  lines  usually  represented  less 
than  10  percent  of  the  normal  production.  Prices  ordinarily  remained 
at  low  levels,  consistent  with  raw  material  costs.  Whether  further 
lowering  of  prices  would  have  stimulated  significant  new  markets  or 
increased  use  is  debatable,  because  ethyl  alcohol  usuall}^  was  either  the 
least  expensive  or  the  preferred  material  in  the  significant  application 
fields.  Wlien  the  recent  war  began  abroad,  the  industrial  demand  for 
alcohol  in  the  United  States  began  to  rise,  partly  for  direct  export  pur- 
poses but  principally  as  a  result  of  expanded  manufacturing  in  this 
country  to  meet  the  requirements  of  foreign  warring  nations.  With 
the  entrance  of  the  United  States  into  the  war,  the  alcohol  require- 
ments for  munitions,  synthetic  rubber,  and  other  war  uses,  plus  the 
needs  of  allied  nations  (under  lend-lease  agreements)  raised  industrial 
alcohol  requirements  to  unprecedented  figures.  Annual  production 
of  alcohol  reached  580  million  wine  gallons  in  the  peak  period  July  1944 
to  June  1945  (fiscal  year  1945).  Such  production  was  supplemented 
by  the  importation  of  alcohol  from  Cuba,  Mexico,  and  Canada,  subse- 
quent to  1942,  in  amounts  reaching  33  million  wine  gallons  in  1944. 

Since  the  existing  industrial  alcohol  industry  originally  did  not  have 
sufficient  capacity  for  producing  the  amounts  needed  for  war  demands, 
it  was  necessary  in  1942  to  obtain  the  assistance  of  the  distilled  spirits 
industry.  Therefore,  the  Government  stopped  the  production  of  all 
distilled  spirits  from  grain,  and  set  this  industry  entirely  to  industrial 
alcohol  production,  insofar  as  equipment  and  facilities  permitted. 
Existing  equipment  was  amplified,  frequently  at  Government  expense. 
Many  temporary  arrangements  were  made  and  existing  laws  and  regu- 
lations modified  to  permit  the  accomplishment  of  the  desired  purpose. 
It  is  significant  that  an  increase  of  alcohol  production  of  about  500 
percent  was  achieved  by  a  relatively  smaller  increase  in  installed 
capacity,  through  the  brigading  of  the  industries.  This  apparent 
miracle  of  production  was  achievable  partly  because  much  unused  or 
inactive  manufacturing  capacity  was  available  in  both  industries. 
AATiile  production  goals  were  met  by  this  expedient,  the  situation  did 
not  represent  an  economic  ideal,  and  it  could  not  have  been  continued 
successfully  under  normal  production  status  without  further  changes. 
Furthermore,  recourse  to  this  expedient  caused  a  shortage  of  various 
types  of  beverage  alcohol,  with  depletions  of  whisky  stocks  which  have 
required  several  years'  operation  to  replace.  However,  this  war  ex- 
pedient brought  about  definite  changes  and  improved  production 
facilities  in  the  industries. 

In  the  prewar  period,  as  a  result  of  the  general  situation  and  of  the 
separate  legal  status  which  had  been  efl^ected,  the  industrial  alcohol 
and  distilled  spirits  industries  had  become  quite  distinct  from  each 
other  in  many  ways.  Because  of  market  limitations,  industrial  alcohol 
production  historically  has  been  a  highly  competitive  business,  usually 
operating  on  a  narrow  margin  of  profit,  whereas  distilled  spirits  pro- 
duction has  been  largely  a  specialty  business,  with  perhaps  wider 
markets  and  greater  usual  possibility  for  profit.  Another  important 
factor  is  represented  by  the  necessity  for  the  distiller  to  "age"  his 
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product  for  some  years  before  it  is  marketable,  whereby  it  becomes 
impractical  to  achieve  the  close  correlation  between  raw  material  costs 
and  product  sales  value  which  is  easily  possible  with  industrial  alcohol, 
which  can  move  directly  from  process  to  shipment.  Differences  be- 
tween the  two  industries  had  resulted  as  to  plant  equipment  and 
methods,  relative  amount  of  labor  used,  and  other  plant  developments, 
and  especially  as  to  alcohol  storage  space  required  and  packaging  and 
shipping  facilities.  With  the  exception  of  those  industrial  alcohol 
plants  which  actually  were  grain  distilleries  (and  operated  only  occa- 
sionally as  industrial  plants  to  make  high-proof  alcohol  for  beverage 
blending  purposes,  usually  for  their  own  use),  practically  all  the  fer- 
mentation type  of  mdustrial  alcohol  plants  were  designed  to  use 
molasses  and  possessed  practically  no  grain-handling  or  byproduct- 
recovery  equipment.  Conversely,  grain  only  (and  no  molasses)  was 
used  in  distilled  spirits  plants,  except  for  rum  manufacture. 

The  prewar  alcohol  production  capacity  (by  distillation)  of  the 
country  was  divided  rather  equally  between  the  industrial  alcohol  and 
distilled  spirits  industries,  each  industry  having  an  estimated  nominal 
gross  potential  capacity  of  about  250  million  gallons  annually.  How- 
ever, such  capacity  never  had  been  reached  actually  nor  even  exactly 
determined.  For  many  years  previous  to  the  war,  the  industrial 
alcohol  industry  had  operated  at  40  to  70  percent  of  normal  capacity, 
as  a  result  of  limited  markets.  The  distilled  spirits  industry,  after 
operating  at  a  comparatively  full  rate  for  several  years  follo\Wng  repeal 
of  the  Prohibition  Amendment  in  1933,  also  had  reduced  production 
after  warehouses  were  filled  with  a  5  years'  supply  of  distilled  spirits. 

The  impact  of  the  war  changed  the  entire  situation.  Molasses 
importation  was  disrupted,  interfering  with  production  from  seaboard 
industrial  alcohol  plants.  Export  needs  and  requirements  for  muni- 
tions disturbed  industrial  alcohol  markets  by  exhausting  stocks.  In 
the  emergency,  attempts  were  made  to  revamp  molasses-using  plants 
for  the  use  of  grain,  particularly  as  granular  wheat  flour,  but  difficulty 
in  obtaining  necessary  equipment  frequently  prevented  proper  instal- 
lations, and  congested  railroad  traffic  affected  movement  of  grain. 
Most  industrial  alcohol  plants  were  not  advantageously  situated  for 
obtaining  grain  in  large  amounts  continuously.  The  manufacture  of 
beverage  alcohol  in  distilled  spirits  plants  was  stopped  and  these  plants 
were  converted  wholly  to  the  production  of  industrial  alcohol.  Many 
of  the  smaller  distilleries,  lacking  refining  equipment  adequate  for 
producing  alcohol  at  high  concentrations,  produced  ^vines  of  lower 
concentration  instead,  and  these  were  shipped  to  industrial  alcohol 
plants  for  refining. 

These  changes  represented  a  virtual  merging  of  the  two  distinct 
industries  on  a  war  emergency  basis.  Much  trading  of  equipment  and 
uneconomic  cross  hauling  of  raw  materials  and  distillates  resulted, 
together  with  significant  losses  of  potential  byproducts.  As  an  agri- 
cultural complication  to  all  this,  grain  and  feed  shortages  developed 
because  of  the  increased  need  for  livestock  feeding.  Thus,  it  became 
necessary  for  the  Government  to  allocate  grain-handling  and 
byproduct-recovery  equipment  to  alcohol  plants  and  distilleries  which 
previously  had  none.  The  handling  of  the  complex  situation  in  the 
earher  part  of  the  war  period  necessarily  was  influenced  by  emergency 
requirements  rather  than  by  intent  to  improve  the  ultimate  welfare 
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of  the  two  industries.  Effort  was  made  later  to  have  alcohol  plants 
return  to  the  types  of  raw  material  for  which  they  were  best  suited, 
especially  after  the  temporary  resumption  of  molasses  importation  in 
1944  permitted  partial  return  of  seaboard  industrial  alcohol  plants  to 
their  normal  raw  material,  whereby  alcohol  production  was  increased. 
Sugar-shortages  occurring  in  1945-47  again  affected  this  situation, 
however,  by  the  decreased  availability  of  molasses  and  consequent 
high  molasses  costs. 

Also,  in  the  war  emergency  period,  a  shortage  of  corn,  the  grain 
principally  employed  by  the  distilled  spirits  industry,  brought  about 
the  substitution  of  wheat,  with  which  the  average  distiller  had  no 
experience.  The  reason  for  this  shift  was  a  then-existing  surplus  of 
wheat.  Use  of  wheat  introduced  processing  difficulties  but  these  were 
overcome  eventually  by  research  cooperation  of  Government  and 
industry.  Other  hitherto  unused  materials  (particularly  grain  sor- 
ghums) also  were  employed  because  of  fluctuations  of  supplies  of  both 
wheat  and  corn.  During  1946-48  this  disturbed  situation  became 
perhaps  as  complicated  as  during  the  war.  Grain  alcohol  plants  were 
thrown  largely  out  of  operation  through  raw  material  shortages  or 
through  high  grain  prices,  and  surplus  potatoes  were  used  in  quantity, 
for  the  first  time,  to  offset  shortages.  Food  shipments  to  Europe 
caused  a  60-day  shut-down  late  in  1947  to  reduce  over -all  grain  con- 
sumption. Subsequent  thereto,  the  use  of  corn  and  wheat  particularly 
were  limited  temporarily  by  allocation  of  quotas  which  were  adminis- 
tered by  the  Department  of  Agriculture  under  congressional  mandate. 

Industry  Organization 

The  distilled  spirits  industry  had  experienced  a  period  of  virtual 
extinction  during  the  prohibition  era.  Because  of  this  fact,  and  the 
great  competition  existing  in  both  the  industrial  alcohol  and  distilled 
spirits  markets,  there  had  existed  little  incentive  to  modernize  either 
industry  or  to  build  new  plants,  for  a  decade  following  World  War  I. 
The  production  of  synthetic  alcohol  was  begun,  and  a  few  new  and 
modern  distilleries  were  built  and  rushed  into  production  after  repeal 
of  the  Prohibition  Act  (1933),  but  otherwise  these  industries  largely 
remained  in  status  quo. 

In  1943,  due  to  war-increased  alcohol  requirements,  a  few  large 
industrial  alcohol  plants  were  built,  largely  at  Government  expense, 
which  in  instances  were  of  relatively  inadequate  design  or  construction 
because  of  limited  construction  facilities  and  time.  Some  breweries 
also  were  converted  to  alcohol  production.  Almost  all  the  new  plants 
were  designed  to  operate  on  grain  and  were  located  in  the  midwestern 
grain-producing  areas.  Considerable  additions  to  the  producing 
capacities  of  older  grain-,  molasses-,  and  synthetic-alcohol  plants  also 
were  made.  In  addition,  a  few  older  and  smaller  plants,  ordinarily 
unable  to  compete  on  industrial  alcohol  operations  for  economic 
reasons,  operated  during  the  war.  Some  fruit  distilleries  also  under- 
took alcohol  production. 

The  geographic  location  of  existing  alcohol  plants  is  related  to  the 
kind  of  raw  material  originally  used.  Since  all  older  plants  were 
designed  to  use  only  one  class  of  raw  material,  the  tendency  was  to 
locate  them  in  proximity  to  such  raw  material.     Thus  plants  using 
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molasses  are  located  on  waterways  (principally  at  eastern,  western,  and 
^ulf  ports);  plants  using  grain  are  in  or  near  the  grain-producing  areas 
of  Indiana,  Illinois,  Kentucky,  Maryland,  and  Pennsylvania;  while 
S3^nthetic-alcohol  plants  are  located  near  gasor  oil  supphes. 

As  now  constituted,  the  industrial-alcohol  industry  is  an  assemblage 
of  various  groups  or  types  of  plants,  each  group  comprising  plants 
having  some  similarity  as  to  raw  material  used  or  type  of  product. 
These  groups  are  comparatively  nonrelated.  Actual  output  for  the 
industry  is  dependent  upon  the  functioning  activity  within  each  group. 
It  is  not  possible  to  anticipate  actual  over-all  production  from. the 
whole  industry  by  a  mere  summation  of  the  total  output  capacities  of 
the  various  groups,  since  other  factors  may  intervene.  However, 
actual  potential  output  might  be  estimated  with  fair  accuracy  if  the 

Table  3. —  The  indusinal-alcohol  and  distilled-spirits  industries  {lOJ^SY 
Industrial-Alcohol  Industry 


Raw  material 


Number 
of  plants 


Rated 
(gross) 
capacity, 
proof-gal- 
lons per 
day 


Estimated 
capacity  for 

330-day 

year,  wine 

gallons  of 

95-percent 

alcohol  2 


Fermentation: 

Molasses 

Grain 

Whey,    sulfite    liquor,    pineapple    juice, 

butyl  byproduct 

Molasses  (foreign) 

Distilleries     (using     grain,     duplicated 
production  ^ 


14 
5 

8 
2 

13 


Thousands 

of  gallons 

1,203 

296 

64 
41 

731 


Thousands  of 
gallons 
208,  859 
51,  497 

11,  090 
7,087 

127,  026 


Subtotal 

Synthetic 

Chemical  byproduct . 

Total 


42 

2 

335 

405, 

559 

^ 

761   ! 

132, 

179 

2 

8  ' 

1, 

459 

49 


3,  104 


539,  197 


Distilled-Spirits  Industry 


Grain  and  molasses  ^ 

Less  duplicated  production  (see  footnote  3). 

Net  production 

Gross  production  (both  industries).. 


146 
13 


2,  263 

731 


133 


1,  532 
4.636 


393,  006 
127,  026 


265,  090 
805,  177 


1  Based  on  theoretical  rated  plant  capacity,  assuming  use  of  only  the  best  raw 
material  for  operation. 

2  Production  at  these  amounts  probably  not  attainable  at  present,  but  presum- 
ably attainable  under  comprehensiye  program.  Some  plants,  howeyer,  cannot 
operate  continuously  throughout  the  year.  Actual  present  gross  production  will 
vary  from  70  to  90  j)ercont  of  indicated  gross  future  output, 

2  When  industrial  alcohol  is  produced  at  this  capacity,  it  is  clear  that  no  distilled 
spirits  production  is  possible.  Actually,  plants  may  be  able  to  produce  greater 
amounts  of  alcohol  as  spirits  than  as  industrial  alcohol. 

*  About  eight  of  these  plants  manufacture  rum  from  molasses. 
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conditions  favoring  production  that  govern  each  group  were  known. 
The  essential  assembly  of  the  industry  and  nominal  output  capacity 
are  shown  in  table  3.  However,  changes  are  occurring  continually, 
and  plants  temporarily  may  discontinue  or  resume  operations,  dis- 
appearing from  or  reappearing  on  Alcohol  Tax  Unit  listings.  (Plants 
ordinarily  retain  their  Alcohol  Tax  Unit  code  number,  regardless  of 
status  of  activity  or  change  of  name  or  ownership.) 

The  organization  of  the  distilled-spirits  industry  also  is  shown  in 
table  3.  All  these  spirits  plants  (except  rum  distilleries)  use  only 
grain  as  raw  material  and  produce  equivalent  grades  of  distilled  spirits 
by  fermentation.  Any  significant  differentiation  would  have  to  be 
based  on  the  relative  modernity  or  obsolescence  of  the  plant,  or  of  its 
equipment;  or  on  production  capacity.  However,  the  plants  which 
normally  undertake  duplicate  operation  for  certain  periods  as  indus- 
trial alcohol  plants  (i.  e.,  have  lAP  numbers)  are  shown  separately, 
since  the  capacity  indicated  is  largely  duplicated  in  the  industrial- 
alcohol  plant  capacity.  Some  of  the  distilleries  which  temporarily 
operate  as  industrial-alcohol  plants  cannot  produce  at  full  plant  capa- 
city on  such  basis.  Production  capacities  shown  in  table  3  are  subject 
to  10  to  20  percent  variation,  as  affected  by  operation  difficulties, 
change  of  raw  materials,  and  other  factors. 

Under  present  conditions,  the  prewar  lines  of  demarcation  among 
the  industries  and  groups  have  become  less  significant.  Most  molasses 
industrial  plants  now  are  equipped  to  process  grain  in  some  form; 
conversely  grain  plants  ma}'  utilize  molasses  in  the  future.  Also, 
many  distilleries  now  are  equipped  to  produce  industrial  alcohol  if 
desired.  (Distilleries  which  produced  industrial  alcohol  in  the  war 
emergency  were  not  required  to  follow  the  ordinary  procedure  of 
obtaining  industrial  alcohol-plant  operation  permits,  hence  only  a 
small  proportion  of  such  plants  were  actually  designated  by  industrial 
alcohol  permit  numbers.) 

The  arbitrary  distribution  shown  in  table  3  is  subject  to  consider- 
able readjustment.  Future  supplies  of  molasses  may  permit  the  con- 
tinuing annual  production  of  alcohol  at  prewar  rates  (±160  million 
gallons  of  alcohol  nominally,  or  peak  production  perhaps  as  high  as  180 
to  250  million  gallons),  but  the  processing  capacity  that  actually  will  be 
available  or  thus  used  and  the  probable  available  facilities  for  raw 
material  shipment  are  matters  of  conjecture.  The  relative  price  that 
must  be  paid  for  the  molasses  will  affect  the  situation. 

Pure  alcohol  produced  in  registered  distilleries  when  temporarily 
operating  as  industrial  alcohol  plants  may  be  utilized  more  or  less 
directly  by  affiliated  plants  for  alcohol  beverage  manufacture  (blend- 
ing), while  chemical  or  synthesis  plants  may  re-use  the  alcohol  product 
within  their  own  corporate  or  subsidiary  activities.  Production  from 
all  such  plants,  while  swelling  statistical  totals,  has  had  minor  effect 
on  the  actual  quantity  of  industrial  alcohol  available  for  the  general 
market,  in  past  years,  except  to  the  extent  that  it  has  lightened  the 
over-all  production  load  on  those  producers  actually  marketing  alco- 
hol, by  relieving  them  of  that  much  additional  production  which 
otherwise  would  have  had  to  be  made.  However,  when  excess  produc- 
tion from  petroleum  or  other  sources  comes  on  the  regular  alcohol 
markets,  in  competition  therewith,  then  severe  price  disturbances  may 
occur. 
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Corporate  Financing  and  Control 

Industrial  alcohol  plants  usually  are  tied  in  with  other  industries 
more  or  less  effectively.  For  example,  synthetic  alcohol  is  produced 
largely  in  plants  subsidiary  to  the  petroleum  refining  industry,  or  it 
occurs  as  a  b^-product  of  certain  chemical  industries.  There  are  only 
a  few  wholly  independent  operations  of  significant  size.  In  a  state- 
ment by  Thurman  W.  Arnold,  Assistant  Attorney  General  {38,  pp. 
81  OS  17).  it  was  noted  that,  in  1941,  80  percent  of  prewar  normal 
industrial  alcohol  production  came  from  five  corporate  groups  as 
follows: 

Percent 

Carbide  and  Carbon  Chemicals  Corporation  (synthetic) 20 

Publicker  Commercial  Alcohol  Company 18 

U.  S.  Industrial  Chemicals,  Inc 17 

E.  I.  duPont  de  Nemours  and  Company 13 

Commercial  Solvents  Corporation 12 

Miscellaneous  plants 20 

In  contrast  to  the  industrial  alcohol  industry,  the  distill ed-spirits 
industry  in  past  years  has  consisted  of  a  large  number  of  small,  in- 
dependently owned  plants.  In  the  past  few  years  there  has  been  a 
trend  toward  consolidation  of  smaller  independent  distilleries  under 
four  or  five  large  corporate  organizations  {39,  p.  6740).  However, 
acquisition  of  some  of  these  plants  may  have  been  made  primarily 
to  obtain  the  existing  warehouse  stocks  of  whisky. 

Alcohol  Imports 

Previous  to  1940,  the  importation  of  alcohol — other  than  beverage 
grades — was  insignificant.  Tariff  charge  was  15  cents  per  gaUon. 
Because  of  increased  needs  of  alcohol  during  the  war,  legislation  was 
enacted,  effective  October  22,  1942,  Revenue  Act  of  1942,  permitting 
tax-free  importation  for  industrial  purposes. 

The  Bureau  of  the  Census  published  the  following  statistics  on 
importation  of  ethyl  alcohol  (Code  8231.230): 

Quantity  and  origin 
Calendar  Total  wine 

year  gallons  Countries  of  origin 

1940 6  Canada 

1941 154  France,  Cuba 

1942 1,  034,  560  Canada,  Mexico,  and  Cuba 

1943 11,  917,  089  Canada,  Mexico,  and  United  Kingdom 

1944 30,166,180  Canada,  Mexico,  and  Cuba 

1945 34,  580,  036  Canada,  Mexico,  Cuba,  Brazil,  and  El  Salvador 

1946 25,578,568  Mexico,  Cuba 

1947 21,501,173  Canada,  Cuba 

1948 5,  688,  935  Cuba,  Argentina,  and  Brazil 

Beginning  with  the  fiscal  year  1948,  the  Annual  Report  of  the 
Commissioner  of  Internal  Revenue  shows  alcohol  importation  for 
fiscal  years  as  follows: 

Fiscal  year  Proof  gallons  (total  uithdratvals  from  customs  ctistody) 

1943 9,  291,332 

1 944 32.  538,  679 

1945 77,  648,344 

1946 47,342,222 

1947 31,953,552 

1948 32,844,749 
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SOURCES  OF  ALCOHOL 
Fermentation  Processes 

Ethyl  alcohol  may  be  derived  by  fermentation  processes  from  three 
types  of  agricultural  raw  materials:  Saccharine  materials,  in  which 
the  carbohydrate — the  actual  substance  from  which  the  alcohol  is 
derived — is  present  in  the  form  of  sugar  (as  in  molasses,  sugar  beets, 
sorghum  cane,  sugarcane,  fruit,  etc.);  starchy  materials  (cereal  grains, 
root  crops,  such  as  potatoes,  etc.);  and  cellulosic  materials  (wood, 
agricultural  residues,  such  as  cobs,  stalks,  hulls,  etc.,  and  the  waste 
sulfite  liquor  from  paper  pulp  mills  which  contains  sugars  derived 
from  cellulose  and  hemicellulose  hydrolysis).  Cellulose,  hemicellu- 
lose,  starch,  and  sugar  all  are  carbohydrates  and  have  the  same  general 
chemical  formulation,  but  their  molecular  complexity  decreases  in  the 
order  named.  Yeast  can  ferment  only  the  simpler  sugars  but,  to 
varying  extent,  all  of  the  more  complex  carbohydrates  can  be  broken 
down  into  fermentable  sugars  by  suitable  treatment. 

If  the  raw  material  originally  contains  one  of  the  simpler  (6-carbon) 
sugars,  such  as  glucose  or  fructose,  or  some  12-carbon  sugars,  such 
as  maltose,  it  can  be  fermented  directly  to  alcohol  by  a  number  of 
varieties  of  yeast ;  if  it  contains  one  of  the  more  complex  carbohydrates 
(starch,  inulin)  this  must  be  broken  down  (hydrolyzed)  to  water- 
soluble  6-  or  12-carbon  sugars  before  the  yeast  can  do  its  work.  This 
breaking  down  can  be  accomplished  by  use  of  enzymes  or  by  mild 
treatment  wdth  acid  or  other  chemical  agents.  The  third  type  of 
material,  the  cellulosic  constituents  of  wood  or  other  vegetation 
(agricultural  residues),  normally  unfermentable  by  yeast,  may  be 
converted  directly  to  sugars,  some  of  which  are  fermentable,  by 
hydrolysis  with  mineral  acids.  Similar  production  of  fermentable 
sugars  is  accomplished  to  some  extent  in  the  production  of  paper 
pulp  from  wood  by  the  sulfite  process,  the  sugars  resulting  from  the 
chemical  treatment  remaining  in  the  waste  liquor  as  a  dilute  solution. 
After  suitable  purification  of  these  sugar  solutions,  derived  by  either 
method,  fermentation  by  yeast  may  be  conducted  in  the  same  way 
as  with  other  saccharine  materials.  How^ever,  some  of  the  sugars 
derived  from  wood  or  other  vegetation  by  hydrolysis  (pentoses  or  5- 
carbon  types)  are  not  fermentable  to  alcohol  by  yeast,  so  that  total 
utilization  is  not  accomplished  in  such  a  step.  Micro-organisms  other 
than  yeast  are  able  to  exert  fermentative  action  on  carbohydrates, 
but  the  resulting  products  are  not  necessarily  ethyl  alcohol. 

Saccharine  Materials 

molasses 

In  the  United  States  the  bulk  of  the  raw  material  used  for  the  pre- 
war production  of  industrial  alcohol  by  fermentation  was  molasses. 
A  great  part  of  this  molasses  was  imported  from  Caribbean  areas, 
principally  Cuba.  Previous  to  1935  this  consisted  largeh^  of  so- 
called  blackstrap,  which  occurs  as  an  inedible  byproduct  or  normal 
residue  from  cane  sugar  manufacture,  about  45  gallons  being  ob- 
tained for  every  short  ton  of  sugar  produced.  Since  blackstrap  mo- 
lasses is  directly  related  to  sugar  production,  there  is  a  definite  maxi- 
mum of  availability.     It  contains  about  50  to  55  percent  of  ferment^ 
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able'  sugar  consisting  mainl}^  of  sucrose  (cane  sugar)  and  invert 
(glucose-fructose  mixtme)  in  varying  proportions  (usually  about  70 
p'ercent  sucrose  and  30  percent  invert).  In  Cuba,  production  has 
fluctuated  between  101  million  gallons  in  1941  to  perhaps  332  to  340 
million  in  1948,  averaging  about  150  million  previous  to  1946. 

During  the  prewar  period  subsequent  to  1935  when  the  sugar  quota 
was  in  effect,  so-called  high-test  molasses  was  used  extensively  for 
alcohol  production  also.  This  molasses  is  a  product  of  cane  sugar  or 
raw  cane  juice  which  has  been  partly  hydrolyzed,  usually  by  acid 
treatment.  It  usually  contains  70  to  78  percent  total  fermentable 
sugars,  mostly  invert.  This  high-test  molasses  was  produced  by 
Cuban  (and  a  few  Dominican,  Puerto  Rican,  and  Philippine)  sugar 
interests  in  an  effort  to  maintain  functioning  of  their  organizations 
under  restricted  sugar  market  conditions,  since  it  could  be  shipped 
into  the  United  States  free  of  import  duty  regardless  of  the  sugar 
quota  if  for  other  than  human  consumption  (i.  e.,  inedible  use).  It 
represented,  therefore,  an  alternative  end  product.  High-test  pro- 
duction rose  to  a  peak  of  338.7  million  gallons  in  1941.  None  was 
produced  in  1943-47,  except  that  222.5  million  gallons  was  produced 
in  1944  in  the  war  emergency. 

Statistically,  no  differentiation  is  made  ordinarily  between  the  va- 
rious molasses  types,  and  high-test  and  blackstrap  molasses  may  be 
blended  together  for  shipment  or  use.  Blackstrap  molasses  was  ob- 
tainable at  seaboard  alcohol  plants  at  3  to  6  cents  a  gallon,  and  high- 
test  molasses  sold  at  equivalent  prices  based  on  sugar  content ;  there- 
fore, other  carbohydrate  raw  material  ordinarily  could  not  compete 
for  industrial  alcohol  production.  In  later  prewar  years  (1935-39)  the 
molasses  gallonage  consumed  annually  for  industrial  alcohol  manu- 
facture varied  from  160  to  200  million  gallons  (including  both  high- 
test  molasses  and  ordinary  blackstrap),  averaging  177  million  gallons. 
During  the  war  this  rose  to  a  peak  of  281  million  gallons  in  1942. 
Cuba  normally  supplied  around  75  percent  of  total  blackstrap  im- 
ports, which  were  used  largely  at  eastern  and  Gulf  points  of  entry. 
Molasses  imported  from  Hawaii  and  the  Philippines  was  utilized  more 
largely  by  alcohol  plants  on  the  Pacific  coast. 

There  is  some  uncertainty  as  to  the  extent  of  the  futin-e  supply  of 
molasses.  Past  production  in  sugar-producing  countries  has  approxi- 
mated {4U  VP-  ^y  i^)'- 

Blackstrap  molasses  production  (year  1937  used  as  example) 

Million 
Place  of  origin  gallons 

Cuba '  150 

Dominican  Republic 22 

Netherlands  Indies 70 

Peru 20 

Haiti 2 

Brit i.sh  Caribbean 23 

Mexico 14 

Argentina  and  Brazil 2  qq 

Total  Latin-American  production 367 
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Blackstrap  molasses  production  (year  1937  used  as  example) — Continued 

Million 
Place  of  origin  gallons 

Philippines 50 

United  States  (continental  production) 66 

Hawaii  and  Puerto  Rico  (shipments  only) ^59 

Grand  total  for  supply  areas 542 

'  In  addition,  Cuba  produced  207.7  million  gallons  of  high-test  molasses,  equiv- 
alent to  about  291  million  gallons  on  blackstrap  basis.  Such  production  might 
have  been  increased,  hence  the  figures  in  this  table  do  not  represent  toj)  limits. 

2  About  half  of  this  actually  was  edible  grade.     (Sirup  production  not  included.) 

3  Production  in  Puerto  Rico  estimated  at  42  million  gallons,  in  Hawaii  at  42 
million. 

Some  of  this  production  is  used  locally  but  in  general  the  greater 
part  is  shipped  to  the  United  States  and/or  the  United  Kingdom. 
During  the  war,  Cuba  expanded  her  alcohol  industry  considerably, 
the  27  original  plants  being  increased  to  67.  Increases  to  an  annual 
production  capacity  of  around  100  million  liters  (25  million  gallons) 
were  planned,  because  of  war-stimulated  demand.  During  1944-47, 
about  83.7  million  gallons  was  purchased  by  the  United  States  Gov- 
ernment. Recently  proposed  extensions  in  Cuba  of  the  use  of  alcohol 
as  motor  fuel,  and  possible  yeast  and  citric-acid  production,  tend  to 
indicate  future  increased  home  consumption  of  molasses.  The  pre- 
war home  consumption  of  molasses  was  about  23  million  gallons,  an- 
nually, for  the  production  of  alcohol,  rum,  and  distilled  products  (4-1). 
Use  of  molasses  in  Cuba  in  1948  seemingly  has  been  at  a  rate  approxi- 
mately double  the  prewar  consumption.  The  output  of  the  21  dis- 
tilleries operating  was  29.77  million  liters  (7.86  million  gallons).  The 
sugar  crop  represents  Cuba's  principal  industry  and  political  situa- 
tions are  a  factor  in  the  supply  status.  Programs  are  subject  to  change 
with  economic  conditions. 

Obviously,  the  future  production  of  high-test  molasses  will  be  re- 
lated to  the  sugar  supply  and  price  situation.  When  there  is  an 
insufficient  world  supply  of  crystallized  sugar  and  the  price  is  corre- 
spondingly high,  it  is  unlikely  that  much  high-test  molasses  will  be 
produced.  Conversely,  with  an  excess  of  sugar  and  low  prices,  pro- 
duction of  high-test  molasses  may  be  stimulated  regardless  of  the 
blackstrap  situation. 

The  recently  developed  resin  ion-exchange  process  for  purifying 
noncrystallizable  or  impure  sugar  solutions  permits  increased  recovery 
of  sugar  (sucrose)  above  the  amounts  formerly  obtainable,  with  less 
blackstrap-molasses  byproduct.  It  is  not  known  how  far  this  new 
process  will  eventually  be  incorporated  in  existing  sugar  plants.  In 
periods  of  excess  sugar  supply,  however,  economic  reasons  offer  little 
inducement  to  effect  high-sugar  recovery  from  the  cane  juice.  To 
date,  known  ion-exchange  installations  for  cane-sugar  manufacture 
include  only  one  in  Cuba  and  a  few  in  continental  United  States. 
About  six  installations  have  been  made  in  beet-sugar  plants  in  the 
United  States.  The  process  is  being  used  currently  in  Hawaii  to 
extract  sugar  from  waste  liquors  of  pineapple  processing,  and  else- 
where to  purify  corn  sii'ups  and  citrus  wastes.  Future  extensive  appli- 
cation of  the  process  to  sugarcane  plants  might  affect  the  blackstrap- 
molasses  supply,  but  at  present  there  is  little  indication  of  such  exten- 
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sions.  The  direct  tie-in  of  fermentation  alcohol  production  with  sugar 
mills  might  be  a  future  possibility. 

In  addition  to  use  as  an  alcohol  source,  molasses  finds  outlets  in  the 
United  States  for  livestock  feeding  and  the  manufacture  of  yeast, 
vinegar,  rum,  and  citric  acid.  It  has  been  estimated  that  around 
75  percent  of  the  molasses  supply  formerly  was  used  for  alcohol  manu- 
facture and  25  percent  for  other  purposes.  Molasses  also  is  used  in 
butanol-acetone  manufacture;  prewar  use  varied  from  11  to  32  million 
gallons,  but  during  the  war  amounted  to  as  much  as  60  million  gallons. 
The  price  of  molasses  is  a  determining  factor. 

Industrial  molasses  usage  (all  types),  as  compiled  by  the  United 
States  Tarifl'  Commission  was,  in  millions  of  gallons  (4^): 

Year 
1946  1946 

Million         Million 
Use  gallons  oallnns 

Acetone,  butanol . 43.  0  30.  3 

Ethyl  alcohol 224.  6  103.  4 

Flavoring,  caramel  coloring 1.  4  2.  2 

Livestock  feeds 68.  2  82.  3 

Spirits,  rum 10.  6  8.  3 

Yeast,  citric  acid,  vinegar _ 47.  3  46.  6 

Miscellaneous 4.  7  3.  3 

Total  (general  industrial) 399.  8  276.  4, 

Desugarizing 22.  5  3o.  7 

Invert  production 12.  0 

Edible  molasses 4.2  4.2 

Grand  total 426.  5         328.  3 

SUGARCANE 

Under  certain  conditions  in  the  world  sugar  markets,  it  may  perhaps 
be  economically  feasible  to  produce  industrial  alcohol  by  the  direct 
fermentation  of  sugarcane  juice,  which  contains  principally  sucrose. 
xVbout  250  pounds  of  raw  sugar  (plus  5.5  gallons  of  blackstrap  molasses) 
is  recovered  from  a  short  ton  of  cane.  Computing  sugar  in  juice  at 
1  cent  per  pound  (basis  $2  per  ton  for  cane),  alcohol  costs  of  about 
20  cents  per  gallon  are  indicated.  Sugarcane  wax  and  aconitic  acid 
might  be  recovered  as  byproducts,  according  to  studies  made  by  the 
Bureau  of  Agricultural  and  Industrial  Chemistry's  Agricultural  Chem- 
ical Research  Division,  New  Orleans,  La. 

SUGAR  BEETS 

In  France  the  sugar  beet  has  constituted  one  of  the  most  important 
(•onim(M-('ial  sources  of  alcohol,  but  in  the  United  States  alcohol  is  not 
made  directly  from  beets.  Alcohol  production  as  an  adjunct  to  beet- 
sugar  manufacture  is  understood  to  have  been  attempted  commerci- 
ally in  Utah  a  number  of  years  ago,  but  apparently  was  not  economi- 
cally successful.  The  juice  of  the  sugar  beet  contains  a  variable  pro- 
portion of  fermentable  sugar  (sucrose),  and  beets  of  good  quality 
should  yield  approximately  23  gallons  of  99.5-percent  alcohol  per  ton. 
lieet  molasses,  obtained  as  a  byproduct  in  the  manufacture  of  beet 
su^ar,  contains  sucrose  piincipally  (about  50  percent),  and  occasion- 
allyhas  Ixhmi  used  for  the  production  of  alcohol,  but  production  from 
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this  source  usually  is  negligible.  Beet  molasses  is  used  more  largely 
for  the  production  of  yeast  and  fermentation  citric  acid.  This  molasses 
has  relatively  high  food  value  and  much  of  it  is  reused  in  the  beet-sugar 
plant  as  an  addition  to  the  dried  residue  pulp  sold  for  livestock  feeding 
or  sold  to  feed  mixers.  Such  uses  ordinarily  keep  beet  molasses  from 
becoming  a  significant  potential  alcohol  raw  material.  In  1934  it  was 
estimated  that  about  15  million  gallons  of  domestic  beet  molasses  (dis- 
card) reached  consuming  markets.  In  that  year  about  12  million 
gallons  was  imported.  Increasing  use  of  the  ion-exchange  process  in 
the  beet-sugar  industry  may  reduce  future  supplies  of  waste  molasses. 
Since  1943  total  production  has  varied  from  50  to  88  million  gallons 
annually,  but  much  of  this  is  used  for  desugarizing  or  for  edible  su'up 
production,  as  shown  (4^)  in  table  4. 

Table  4. — UfilizaHon  of  beet  molasses,  in  millions  of  gallons,  194S~4^ 


Product 

1943 

1944 

1945 

1946 

Yeast,  citric  acid,  vinegar 

Mixed  feeds  and  molasses  pulp 

Desugarized  and  edible  molasses. 

17.  9 

8.0 

61.  8 

20.0 
6.0 

24.  4 

28.  1 

5.5 
22.  6 

131.  2 

6.  1 

35.  7 

Total                _     _   _ 

87.  7 

50.  4 

56.  2 

73.  0 

1  Approximate  distribution — yeast  75  percent,  citric  acid  14  percent,  vinegar 
11  percent. 

CITRUS  MOLASSES 

Commercial  use  has  been  made  of  ''citrus  molasses"  as  a  source  of 
alcohol  to  some  extent  in  recent  years.  This  molasses  is  made  by 
concentrating  the  waste  waters  (press  juice)  of  the  citrus  canning  in- 
dustry, which  are  pressed  from  the  pomace  prior  to  drying  the  pomace 
for  cattle  feed.  The  molasses  somewhat  resembles  cane  blackstrap, 
but  has  a  fruity  odor.  About  1,800  gallons  of  waste  press  liquor, 
containing  on  the  average  about  6.6  percent  sugar  (range  4.0  to  8.6 
percent)  usually  are  obtained  for  each  ton  of  dry  citrus  feed  produced. 
Sugar  content  of  the  molasses  runs  about  42  percent,  about  half  of 
which  represents  Ce  sugars.  Total  solids  average  around  70  percent. 
Approximately  4  gallons  of  95-percent  alcohol  may  result  from  100 
gallons  of  liquid  press  juice.  Production  of  dried  citrus  feed  was  at 
the  rate  of  67,000  tons  annually  (in  Florida),  in  1944,  and  has  in- 
creased. Production  for  1946-48  is  estimated  as  shown  in  table  5. 
Certain  byproducts  such  as  hesperidin  and  naringen  and  their  deriva- 
tives might  be  recovered  also.  Costs  of  production  of  this  molasses 
normally  are  likely  to  be  relatively  higher  than  for  blackstrap  and  the 
supply  may  be  relatively  limited.  The  production  of  feed  yeast  from 
citrus  wastes  has  been  studied  experimentally  by  the  Agricultural 
Chemical  Research  Division  and  the  Southern  Regional  Research 
Laboratory  in  a  commercial  plant  at  Orlando,  Fla.,  in  cooperation 
with  the  plant  owners. 

The  production  of  industrial  alcohol  from  citrus  wastes  (orange 
molasses)  is  reported  in  California  in  1948,  use  of  606,528  gallons  of 
orange  molasses  being  reported  for  the  fiscal  year.  A  new  citrus 
alcohol  plant  in  Florida  is  expected  to  begin  operation  in  1949. 
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Table  5. — Citrus  byproduct  recovery 


Location 

Num- 
ber of 
plants 

Dry  feed 
produc- 
tion 

Number 

of  these 

plants 

producing 

molasses 

Molas- 
ses pro- 
duction 

Season 

A.rizona 

14 
9 

22 
8 

Tons 

2  9,  000 
*  22,  000 
154,  181 
5  31,  760 

None  3 

3 

16 

3 

Tons 
None 
Small 
65,  887 
4,675 

Average 

California 

1946 

Florida 

1947-48 

Texas 

1947-48 

1  Intermittent  operations  only. 

2  Average  production. 

3  Sun  drving  only. 

*  Usual  range  11,000  to  17,000. 
5  Meal  and  pulp. 

HYDROL 

Hydrol,  a  byproduct  sirup  resulting  from  the  manufacture  of  re- 
fined corn  sugar,  might  be  considered  as  a  minor  alcohol  source.  It 
contains  70  to  75  percent  total  solids,  which  include  (dr}^  basis)  about 
9.5  percent  ash,  62.5  percent  true  dextrose,  and  some  disaccharides. 
About  28  million  pounds  was  used  in  1935  for  industrial  alcohol.  (In 
the  same  year,  23  million  pounds  was  used  for  butanol  fermentation 
also.)  However,  present  methods  of  producmg  refined  corn  sugar 
from  cornstarch  utilize  hydrochloric  acid  as  the  convertmg  agent. 
This  results  in  a  7  to  8  percent  concentration  of  salt  (sodium  chloride) 
in  the  byproduct  sirup,  which  makes  the  sirup  relatively  unfermentable 
in  the  normal  sugar  concentrations  employed  by  alcohol  manufac- 
turers. This  salt  is  not  easily  removed,  also  certain  furfural  com- 
pounds may  be  present  which  inhibit  fermentation.  In  the  absence 
of  accurate  production  data,  it  may  be  estimated  that  perhaps  20 
million  gallons  of  hydrol  potentially  might  be  available  annually  as 
a  byproduct  from  the  grain  wet-milling  industry.  Much  of  it  now 
is  used  by  animal  feed  producers  (around  1 1  million  gallons  annually) 
so  that  only  a  relatively  small  excess  might  be  available  for  alcohol, 
normally.  Only  186,560  pounds  was  used  for  alcohol  production  (in 
October  1947)   in  the  fiscal  vear   1948. 


FRESH  OR  DRIED  FRUITS 

Fresh  or  dried  fruit  can  serve  as  a  source  of  alcohol.  The  sugar 
(fructose)  percentages  (6  to  12  percent)  present  in  most  fresh  fruits 
which  are  commonly  available  in  quantity  are  sufficiently  high  so 
that  the  mash  concentrations  will  approach  those  of  usual  commercial 
practice  when  either  the  pressed  juice  or  the  macerated  fruit  is  fer- 
mented (Hrectl}^  Yeast  is  able  to  ferment  fruit  sugar  without  a 
hydrolysis  step.  The  chief  disadvantages  of  fruit  as  raw  material  for 
alcoliol  lie  in  the  relatively  high  cost  and  the  perishable  nature  of  the 
material.  Apples  now  are  used  for  the  production  of  beverage  spirits 
(apple  brandy) ;  and  industrial  alcohol  is  recovered  from  apple  pectin 
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processing  by  one  plant.  Pineapple  juice  or  waste  has  been  used  (in 
Hawaii)  since  1931  as  a  source  of  industrial  alcohol,  production  rang- 
ing from  80,000  to  330,000  wine  gallons  of  alcohol  annually.  A 
quantity  of  14.5  to  26.5  gallons  of  pineapple  juice  is  required  to  make 
1  gallon  of  alcohol,  depending  upon  the  stock  used. 

Dried  fruits,  such  as  dates,  figs,  prunes,  and  raisins  would  serve  far 
more  successfully  than  fresh  fruits,  since  storage  of  the  materials  would 
be  possible  for  reasonable  periods.  Also,  sugar  concentrations  are 
greatly  increased  by  drying  (figs,  45.0  to  50.0  percent;  prunes,  55.0 
to  60.0  percent;  raisins,  62.0  to  68.0  percent;  and  dates,  60.0  to  70.0 
percent).  Because  of  their  value  as  human  food  the  relative  cost  of 
these  materials  ordinarily  is  too  high  to  permit  competition  with 
molasses  or  cereal  grains  for  alcohol  production. 

CANE   SORGHUM 

Cane  sorghum  also  may  serve  as  a  source  of  sugar,  sugar  sirup,  or 
molasses.  It  contains  a  mixture  of  sucrose  and  glucose.  During  the 
season  of  1942,  under  a  project  sponsored  by  the  United  States  De- 
partment of  Agricultm-e  and  financed  by  the  Commodity  Credit 
Corporation,  23,252  tons  of  sorghum  cane  was  employed  for  alcohol 
production  on  an  experimental  basis.  From  this  cane,  351,401  gallons 
of  sirup  of  78  percent  solids  content  was  produced  by  cane  sugar 
factories  during  inactive  periods,  thus  utilizing  idle  equipment.  This 
sirup  was  shipped  to  New  Orleans  and  processed  to  alcohol.  This  trial 
operation  produced  alcohol  at  a  critical  time,  from  a  hitherto  unused 
raw  material,  and  saved  tanker  and  tank  car  movements.  It  also 
obviated  the  shipment  of  equivalent  grain  and  the  need  for  installing 
grain-handling  machinery.  Only  a  short  100-mile  haul  was  involved 
in  transporting  the  sirup  to  the  distillery. 

It  is  questionable  if  cane  sorghum  used  in  such  operation  could  com- 
pete with  byproduct  sugarcane  molassse  in  normal  times.  Installa- 
tion of  fermentation  equipment  at  sorgo  sugar  factories,  however, 
might  eliminate  a  considerable  amount  of  evaporation  otherwise 
necessary  to  concentrate  the  material  for  shipment  under  the  most 
economical  conditions.  Smce  fermentation  is  conducted  at  about  12 
to  18  percent  sugar  concentration,  in  comparison  with  the  high 
(approximately  78  percent)  concentration  required  for  molasses 
shipment,  a  considerable  simplification  might  result.  Also,  the  use  of 
evaporators  as  stills  to  produce  low-grade  alcohol  which  subsequently 
could  be  shipped  to  industrial  alcohol  plants  for  further  refining,  might 
help  to  reduce  present  costs.  The  development  of  a  sorgo  sugar 
process  might  provide  quantities  of  a  low-grade  byproduct,  sorgo 
molasses.  The  use  of  the  sorgo  seed  and  bagasse  as  feed  might  have 
important  application  in  the  South.  With  suitable  change  of  the 
processing  method,  about  5  pounds  of  aconitic  acid  and  10  pounds  of 
starch  per  ton  of  sorgo  also  might  be  obtained  as  byproducts. 

WHEY  AND  SKIM  MILK 

Whey  and  skim  milk  can  serve  as  a  source  of  alcohol,  since  these 
materials  contain  lactose,  a  fermentable  sugar.  However,  lactose  is  a 
more  complex  sugar  (disaccharide  or  12-carbon)  than  simple  glucose, 
and  requires  special  types  of  yeast.     In  a  process  perfected  by  the 
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Bureau  of  Daii-y  Industry  of  the  United  States  Department  of  Agri- 
culture, a  species  of  yeast,  Torula  cremoris,  is  employed  for  fermenting 
whey  which  occurs  as  a  byproduct  of  cheese-  and  casein-manufacturing 
operations.  Fermentation  is  conducted  at  33°  to  34°  C.  on  a  slightly 
acidified  mash.  Yeast  is  added  in  amounts  equivalent  to  about  2 
percent  of  the  sugar  present. 

Since  1947  there  has  been  an  increasing  trend  toward  utilization  of 
whey  for  alcohol  production.  Four  small  commercial  industrial- 
alcohol  plants  now  operate,  the  whey  sugar  being  used  commercially 
in  one  instance  for  the  production  of  butyl  alcohol  and  the  vitamin 
riboflavin.  Plants  of  these  types  are  situated  in  dairy-industry  centers, 
such  as  Kentucky,  Michigan,  Missouri,  and  Wisconsin.  Lactose  is 
the  principal  raw  material  for  penicillin  production,  also. 

Starchy  Materials 

The  principal  starchy  materials  which  may  be  used  in  making  indus- 
trial alcohol  are:  (a)  Cereals  (corn,  grain  sorghum,  oats,  rye,  wheat, 
barley,  and  rice) ;  (b)  tubers  and  roots  (potatoes,  sweetpotatoes,  and 
miscellaneous  plant  sources  such  as  the  Jerusalem  artichoke  (girasol)). 
Of  these,  only  corn,  grain  sorghum,  wheat,  rye,  barley,  and  potatoes 
have  been  used  commercially  to  any  great  extent  in  this  country. 
Rice  has  been  used  in  the  Orient.  Wheat,  barley,  rye,  and  other 
cereals,  as  well  as  potatoes,  usually  command  relatively  high  prices  as 
foodstuffs,  and  this  restricts  their  use  as  raw  materials  for  alcohol 
except  for  beverage-alcohol  manufacture.  In  general,  alcohol  yields 
under  proper  processing  conditions  are  in  direct  relation  to  starch  or 
sugar  content,  and  the  relative  value  of  any  raw  material  in  this 
respect  can  be  computed  with  fair  acucracy.  However,  each  grain 
requires  somewhat  different  processing  conditions  and  the  yields  of 
imfermentable  byproducts  will  vary  for  each.  These  factors  constitute 
some  of  the  economic  limitations  on  the  selection  of  any  alcohol  raw 
material. 

CORN 

Corn,  our  most  abundant  cereal,  was  used  to  a  small  extent  in  the 
manufacture  of  industrial  alcohol  previous  to  World  War  II,  but  such 
use  usually  was  limited  by  the  relatively  high  cost  of  the  alcohol  at 
prevailing  levels.  The  alcohol  produced  from  grain  generally  foimd 
special  uses,  and  commanded  a  market  premium.  The  principal 
fermentation  use  of  corn  was  for  beverage-alcohol  production  (see 
table  2)  since  it  has  been  the  principal  source  of  whisky.  The  amiual 
use  of  corn  for  industrial  alcohol  during  the  war  rose  to  a  peak  of  50 
million  bushels  (1943\  about  14  million  bushels  additional  being  used 
for  the  production  of  other  fermented  products,  such  as  beer  and  butyl 
alcohol. 

GRAIN  SORGHUM 

Grain  sorghum  is  nearly  comparable  to  corn  as  to  alcohol  yield, 
iiuMhods  of  handling  and  processing,  and  the  like.  It  was  not  used  in 
significant  amounts  as  a  prewar  source  of  alcohol,  but  since  1944  such 
use  has  increased  greatly,  with  more  than  42  million  bushels,  some  of  it 
in  (he  foi-m  of  flour,  being  used  in  the  peak  (fiscal)  year  1945.     In 
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addition,  limited  amounts  were  used  for  beer  andbutanol  production  in 
1945  and  1946.  The  material  is  generally  very  acceptable,  and 
usually  has  a  price  advantage,  hence  the  use  is  continuing. 

BARLEY 

Barley  is  of  interest  chiefly  from  the  standpoint  of  malt  production 
and  use.  Alcohol  production  from  grain  requires  malt  for  the  starch- 
conversion  step,  unless  acid  saccharification  or  the  use  of  mold  or 
bacterial  enzymes  is  employed.  Malt  is  germinated  grain,  barley 
being  the  grain  chiefly  used.  Malting  capacit}^  in  the  United  States 
has  permitted  production  of  about  98  million  bushels  of  malt  annually. 
Requirements  for  malt  exceeded  production  during  the  war,  and  an 
allocation  system  was  enforced.  Consumption  for  malt  beverage 
(beer)  production  amounted  to  71  million  bushels  annually  in  1942-43. 
An  additional  10  million  bushels  was  utilized  annually  for  food 
products  (principally  malt  su'ups)  and  lend-lease  export,  while 
consumption  by  the  alcohol  industry  reached  30  million  bushels  per 
year  owing  to  the  greatly  increased  use  of  grain.  In  1948,  82  million 
bushels  was  used  for  brewing,  total  use  by  all  the  alcohol  industries 
amounting  to  92  million  bushels  in  that  year,  xlbout  37.4  pounds 
(1.1  standard  bushels)  of  dry,  desprouted  malt  are  produced  from 
1  standard  bushel  (48  pounds)  of  original  barley.  The  sprouts,  which 
contain  little  enzyme  but  considerable  nitrogen,  are  separated  after 
the  malting  process  and  used  as  an  ingredient  of  stock  feeds,  and  in 
yeast  and  vinegar  manufacture.  Barley  itself  is  seldom  used  as 
a  direct  source  of  industrial  alcohol  or  for  beverage  alcohol,  except  in 
beer  and  Scotch-type  whisky  production. 

RYE 

Rye  is  used  principally  for  whisky  production,  where  it  serves  as 
a  basis  for  a  special  type  of  product.  Normally  its  use  for  industrial 
alcohol  is  unusual,  although  about  11  million  bushels  was  used  for 
emergency  alcoliol  production  in  the  fiscal  year  1945.  However, 
although  rye  is  somewhat  more  difficult  to  process  than  corn,  the 
relative  grain  costs  usually  permit  its  substitution  for  corn  as  a  raw 
material  for  beverage  alcohol.  Rye  also  is  used  to  some  extent  for 
malt  production. 

WHEAT 

Because  wheat  ordinarily  does  not  find  industrial  uses  and  is  not 
as  acceptable  as  corn  for  feeding  livestock,  stress  temporarily  was 
placed  on  the  substitution  of  wheat  for  corn  as  a  source  of  alcohol, 
during  1943-45,  to  conserve  corn  stocks.  Wheat  protein  (gluten) 
introduces  certain  technical  processing  difficulties  such  as  foaming 
of  mashes  and  fouling  of  byproduct-recovery  equipment,  troubles  not 
experienced  to  the  same  degree  with  corn  protein.  Such  difficulties 
are  not  sufficient  to  prevent  the  fermentative  utilization  of  wheat, 
but  relative  plant  output  capacities  may  be  diminished  and  processing 
costs  increased,  to  a  small  extent,  in  a  plant  designed  primarily  to 
handle  corn.  Mixtures  of  corn  and  wheat  ordinarily  are  handled 
without  trouble  in  usual  fermentation-plant  equipment  when  the 
wheat  represents  less   than  50  percent  of  the  mixture,   and   plant 
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output  capacities  then  are  not  adversely  affected  to  significant  extent. 
Use  of  granular  wheat  flour  actually  permits  increased  unit  alcohol 
production,  since  the  starch  content  of  such  flour  is  higher  than  that 
of  the  original  wheat. 

Soft  wheats,  with  their  lower  protein  and  higher  starch  content,  are 
more  acceptable  as  distilleiy  materials  than  high-protein  hard  wheats, 
which  yield  less  alcohol  because  of  their  usually  lower  starch  content. 
Much  wider  ranges  of  starch  and  protein  percentage  occur  in  wheat 
because  of  environment  and  soil  differences  where  it  is  produced,  than 
occur  in  corn.  Soft  varieties  of  wheat  are  grown  in  areas  which 
usually  produce  grain  of  low  protein  content,  and  hard  varieties  in 
areas  which  usually  produce  grain  of  high-protein  content.  Selection 
of  wheat  for  alcohol  production  must,  therefore,  be  made  more 
critically.  About  137  million  (60-pound)  bushels  of  whole  wheat 
and  71  'million  bushels  of  granular  flour  (representing  approximately 
89  million  bushels  of  original  wheat)  were  used  for  alcohol  production 
from  1942  to  1946.  In  addition,  102  million  pounds  of  wheat  and 
wheat  products  was  used  for  beer  production  from  1940  to  1945. 
In  the  peak  (fiscal)  year  1944,  wheat  used  for  all  forms  of  alcohol 
amounted  to  about  115  million  bushels  (partly  as  flour). 

GRANULAR  FLOUR  OR  MEAL 

Granular  flour  or  meal,  prepared  from  wheat,  rye,  grain  sorghum 
or  other  cereals  as  raw  material  for  alcohol  production,  has  certain 
advantages  for  use  in  molasses-type  alcohol  plants,  in  that:  (a)  This 
material  is  of  relatively  higher  starch  (or  fermentable  matter)  content 
than  the  original  grain;  (b)  the  necessity  of  installing  grinding  machin- 
er}^  is  eliminated;  and  (c)  grain  byproducts  (bran,  etc.)  suitable  for 
stock  feed  are  separated  by  the  milling  industry  and  need  not  be 
recovered  at  the  alcohol  plant,  thus  avoiding  the  necessity  of  installing 
recovery  equipment  and  of  expanding  boiler  capacity  to  produce  the 
extra  steam  needed  for  processing  waste  stillage. 

POTATOES 

Potatoes  formerly  were  used  extensively  for  alcohol  production  in 
German}^,  where  they  constitute  an  important  agricultural  crop. 
Special  types  of  potatoes  of  high-starch  content  (18  to  20  percent) 
were  developed  for  the  purpose,  and  the  technological  features  of 
handling  the  material  in  small  plants  were  extensively  explored. 
The  manufacture  and  distribution  of  alcohol  in  prewar  Germany  was 
controlled  by  the  Government.  The  use  of  potatoes  for  alcohol 
prochiction  seemed  to  be  intended  to  benefit  agriculture  through 
advantages  derived  from  crop  rotation  and  stock  feeding,  and  by 
attaining  other  benefits  of  an  indirect  although  important  economic 
character.  Actual  costs  of  alcohol  production  were  of  secondary 
importance,  since  the  Government  alcohol  monopoly  absorbed  the 
profhict,  regardless  of  cost. 

Tlie  manufacture  of  alcohol  from  potatoes  in  the  United  States  had 
not  attained  any  commercial  importance  previous  to  World  War  II 
because  molasses  and  corn  represented  more  abundant,  more  con- 
centrated, less  perishal)le,  and  relatively  cheaper  sources.  Idaho 
operated  a  small  State-owned  experimental  alcohol  plant  at  Idaho 
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Falls  before  the  war  in  an  effort  to  solve  State  problems  relating  to 
potato  culls  and  surpluses. 

In  1944,  as  an  emergency  measure,  the  War  Food  Administration 
conducted  commercial  trials  of  processing  surplus  potatoes  into  alcohol 
by  dehydrating  the  potatoes  in  inactive  beet-sugar  plants  and  shipping 
the  dried,  flaked  product  to  alcohol  plants  for  alcohol  conversion. 
This  attempt  was  not  an  economic  success  and  the  actual  quantities 
processed  were  small. 

The  machinery  available  in  the  beet-sugar  plants  was  not  designed 
for  potato  handling,  so  that  plant  output  capacities  were  reduced, 
while  serious  starch  losses  were  incurred.  Also,  the  dried  product  was 
variable,  ranging  from  underdried  to  greatly  overdried  material. 
Underdried  flakes  tended  to  heat  and  cake  in  shipment,  causing  con- 
siderable difficulty  in  unloading  and  handling  at  the  alcohol  plant. 
Overdried  material  was  difficult  to  process  and  gave  lower  alcohol 
yields. 

Since  the  handling  equipment  available  at  such  alcohol  plants  as 
could  use  this  material  was  designed  originally  for  grain,  it  was  gen- 
erally inadequate  for  moving  the  new  material,  and  much  hand  labor 
frequently  was  required,  hence  the  alcohol  plants  generally  avoided 
using  the  material.  The  dried  flakes  were  approximately  equivalent 
to  corn  as  to  alcohol  yield  and  processing  requirements,  although  the 
quantities  of  byproduct  feed  recovered  were  much  less. 

Regardless  of  the  possibly  more  successful  outcome  of  future  trials 
and  of  the  general  desirability  of  finding  additional  operations  suitable 
for  employment  of  beet-sugar  factories  in  inactive  times,  it  is  unlikely 
that  such  operation  will  be  economically  feasible  in  normal  times. 
Dehydration  costs  approximated  $5  per  ton  of  raw  potatoes  processed, 
to  which  freight  and  potato  costs  had  to  be  added;  consequently,  the 
dehydrated  material  cost  more  than  corn.  About  7  tons  of  raw  po- 
tatoes were  required  to  produce  1  ton  of  dehydrated  flakes.  This 
yield  might  be  somewhat  improved,  5.5  tons  being  perhaps  optimum. 
In  later  experimentation  (1946),  product  costs  of  $23  to  $25  per  ton 
were  indicated.  This  process  is  receiving  study  by  the  Eastern  Re- 
gional Research  Laboratory,  Wyndmoor,  Pa. 

Because  of  shortages  of  other  materials  during  1946,  potatoes  in 
raw  form  found  relatively  extensive  use  for  industrial  alcohol  manufac- 
ture, since  other  materials  actually  were  available  only  in  small 
amounts,  while  large  surpluses  of  potatoes  were  obtainable  from  the 
Government  at  relatively  low  prices.  Consumption  of  potatoes  by 
the  distilled  spirits  industry  was  280  million  pounds  during  the  fiscal 
year  1946,  and  405  million  pounds  during  1947.  At  the  same  time, 
industrial  alcohol  plants  used  280  million  pounds  in  the  fiscal  year 
1946  and  566  million  pounds  in  1947.  Much  of  this  alcohol  subse- 
quently was  used  in  blending  whiskies.^  By  the  summer  of  1947,  use 
of  potatoes  practically  had  ceased. 

In  dealing  with  the  surplus  of  the  1946  potato  crop,  the  Government 

^  Whisky  is  defined  by  law  as  a  product  of  grain,  and  other  types  of  beverages 
are  similarly  limited  by  definition.  Potato  spirit  finds  no  specific  beverage  out- 
let except  as  vodka.  Alcohol  (so-called  neutral  spirits)  used  to  "stretch"  whiskies 
heretofore  has  been  produced  from  grain.  In  any  event,  its  source  must  be  stated 
on  the  bottle  label.  This  has  an  adverse  effect  on  the  use  of  potato  spirit  because 
of  consumer  prejudice. 
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sold  excess  stocks  of  raw  potatoes  to  the  distillers,  no  dehydration  being 
attempted.  A  number  of  alcohol  plants  installed  temporary  raw 
potato  handling  facilities,  but  many  of  these  installations  subsequently 
were  dismantled.  These  consisted  usually  of  drag  lines,  power  shovels, 
or  water-flushing  systems  to  move  the  potatoes  from  car  to  a  track  pit 
or  tank  filled  with  water,  which  served  to  catch  stones.  Usually  the 
potatoes  then  were  moved  by  open  top,  spiral  flight  screw  conveyors 
and  spray  washed  while  traveling  to  hammer  mills  in  which  they  were 
reduced  to  a  watery  slurry.  This  slurry  was  pumped  to  the  regular 
mash  cookers,  and  the  usual  manufacturing  process  was  followed  from 
that  point.  Potato  mashes  may  foam  seriously  if  not  properly  proc- 
essed. 

Potato  surpluses  again  recurred  in  even  greater  amounts  in  1948, 
and  further  (but  probably  temporary)  use  for  alcohol  production  oc- 
curred. However,  part  of  the  surplus  was  used  to  make  potato  flour 
for  export.  Much  of  this  flour  was  produced  in  inactive  alcohol 
plants,  utilizing  the  feed  drying  equipment.  Butanol  also  was  pro- 
duced extensively  from  sm-plus  potatoes. 

SWEETPOTATOES 

vSweetpotatoes  have  attracted  interest  as  a  source  of  industrial 
starch  in  recent  years.  Some  varieties  may  contain  30  percent  or 
more  of  potentially  fermentable  matter.  The  culls  of  this  crop  might 
serve  as  a  source  of  industrial  alcohol,  the  price  that  could  be  paid  for 
them  probably  being  about  the  same  as  that  offered  by  starch  factories. 
The  overflow  from  the  starch-recovery  tables  might  be  utilized  for 
alcohol  production,  although  costs  of  recovering  alcohol  from  dilute 
solutions  might  be  sufficiently  high  to  make  such  a  process  uneconomi- 
cal. Present  growing  practices,  which  tend  toward  short  growing 
seasons  to  produce  small  table-size  tubers,  do  not  approach  the  possi- 
bilities inherent  in  growing  sweetpotatoes  for  industrial  uses. 

With  possible  commercial  yields  of  300  to  400  bushels  an  acre, 
sweetpotatoes  might  represent  yields  of  alcohol,  per  acre,  comparable 
to  those  represented  by  any  cereal  crop  grown  in  the  United  States. 
Sweetpotatoes  are  difficult  to  store,  however,  and  thus  present  a 
special  handling  problem  since  the  natural  enzymes  which  are  present 
may  cause  spoilage.  From  a  technological  standpoint,  processing 
sweetpotatoes  into  alcohol  would  probably  be  done  in  the  same  manner 
as  with  other  starchy  crops,  that  is,  by  crushing  and  steaming  the 
raw  material,  saccharifying  the  starch,  and  fermenting  with  3^east. 
The  slop,  skins,  etc.,  could  be  used  as  cattle  food. 

A  commercial  attempt  to  produce  starch  from  sweetpotatoes,  in 
Florida,  began  operations  in  1947,  but  is  understood  to  have  become 
inactive  because  of  certain  uneconomic  conditions.  Contemplated 
erection  of  a  plant  to  produce  alcohol  from  the  tubers,  in  Louisiana, 
was  announced  in  1949.  Dehydration  of  sweetpotatoes  can  be  ac- 
complished in  a  manner  similar  to  that  for  white  potatoes.  Experi- 
mentation in  this  field  has  been  made  by  one  major  distiller  and  by 
tli(»  Southern  Regional  Research  Laboratory.  The  production  of 
feed  yeast  from  waste  waters  of  sweetpotato  processing  for  starch  also 
has  been  studied  by  that  Laboratory. 
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JERUSALEM  ARTICHOKE 

The  Jerusalem  artichoke  (girasol,  or  wild  sunflower)  tuber  has  been 
proposed  as  a  possible  source  of  industrial  alcohol  in  the  United 
States.  It  was  actually  used  extensively  in  prewar  France.  Inulin, 
the  chief  carbohydrate  constituent,  is  easily  hydrolyzed  to  levulose 
(fructose),  a  fermentable  6-carbon  sugar.  The  production  of  alcohol 
from  artichokes  presents  much  the  same  technological  features  as  the 
use  of  sugar  beets  or  sweetpotatoes.  Commercial  crops  have  been 
grown  in  France  and  used  for  alcohol  production  in  conjunction  with 
beets,  but  no  significant  production  has  ever  been  achieved  in  the 
United  States.  Attempts  at  commercial  production  of  the  tubers 
have  been  made  m  several  Western  States,  particularly  Nebraska, 
during  the  past  decade.  As  with  all  other  farm  crops,  the  use  of 
artichokes  for  alcohol  production  would  be  dependent  upon  the  finan- 
cial return  to  farmers  and  processors.  This  does  not  appear  to  be 
particularly  promising  at  present.  Cultural  studies  might  lead  to 
improvements  in  carbohydrate  content  and  acre  yields. 

CACTI 

Sotol,  a  desert  plant  of  the  genus  Dasylirion,  which  grows  wild  in 
large  tonnage  and  frequently  in  great  concentration  in  some  areas  of 
southern  Texas,  ma}^  have  possibilities  as  an  alcohol  source  material. 
The  plant  has  a  pineapple-shaped  head  which  may  weigh  20  to  50 
pounds.  It  ordinarily  is  obtained  from  range  land  simply  by  cutting 
and  hauling.  The  heads,  stripped  of  leaves,  can  be  chipped  and  ex- 
tracted with  hot  water  or  cooked  to  prepare  a  mash.  Alcohol  yields 
of  15  to  30  gallons  per  ton  are  possible.  The  carbohydrate  present  is 
principally  inulin,  which  is  easily  hydrolyzable  to  fermentable  sugar. 
A  commerical  plant  attempted  operations  on  sotol  about  1944,  in 
Texas,  but  operation  has  been  discontmued. 

Other  varieties  of  cacti  also  might  be  utilized,  such  as  lecheguilla, 
belonging  to  the  Agave  genus  of  the  family  Amaryllidaceae.  Several 
species  of  Agave  (century  plant  or  maguey)  are  used  in  Mexico  for 
preparing  alcoholic  beverages,  such  as  mescal  and  tequila.  The 
carbohydrate  in  many  such  cacti  is  present  as  a  fermentable  sugar, 
rather  than  as  inulin,  hence  many  of  these  types  properly  should  be 
listed  under  saccharine  materials. 

MANIOC,  ARROWTIOOT,  SAGO,  AND  TARO 

Various  other  materials  of  high-starch  content  such  as  manioc 
(also  known  as  mandioca,  manihot,  cassava,  tapioca,  raspas,  gaplek, 
bahia,  etc.)  and  arrowroot  might  be  mentioned,  although  not  grown 
in  the  United  States.  Considerable  manioc  was  used  in  the  United 
States  for  alcohol  production  in  1946-47  because  of  the  scarcity  of 
usual  materials. 

The  pith  of  the  sago  palm  is  a  tropical  source  of  starch.  Dasheen 
(taro)  is  another  tropical  starch  plant,  which  is  grown  also  to  a  small 
extent  in  the  South.  In  general,  carbohydrates  can  be  produced  more 
plentifully  and  at  lower  cost  in  the  tropics  than  in  the  United  States. 
Practically  all  seeds,  roots,  etc.,  contain  carbohydrates  in  varying 
amounts,  hence  a  long  list  of  possible  (but  mostly  uneconomic)  source 
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materials  might  be  mentioned.     Alcohol  is  understood  to  have  been 
produced  in  the  tropics  from  the  sap  of  the  nipa  palm. 

Cellulosic  Materials 

In  addition  to  the  fermentative  production  of  alcohol  from  farm 
crops  containing  sugar  or  starch,  the  production  from  cellulose  should 
be  considered.  Such  alcohol  can  originate  from  wood,  from  cellulosic 
agricultural  residues,  and  from  waste  liquor  from  the  manufacture  of 
wood  pulp  b}'  the  sulfite  process. 

WOOD  AND  WOOD  WASTES 

The  utilization  of  wood  for  the  production  of  ethyl  alcohol  entails 
two  essential  steps:  (a)  The  hydrolysis  of  the  cellulose  of  the  wood  to 
simple  sugars,  and  (b)  the  fermentation  of  these  sugars  to  alcohol  by 
yeast  in  the  usual  manner.  There  are  several  general  processes  for 
carrying  out  the  hydrolysis  step.  The  cellulose  may  be  saccharified 
by  hydrolysis  either  with  acids  of  low  concentration  at  comparatively 
high  temperatures,  or  with  concentrated  acids  at  comparatively  low 
temperatures. 

Considerable  experimentation  was  carried  on  in  this  country  years 
ago  in  attempts  to  utilize  sawdust  and  mill  waste  for  alcohol  produc- 
tion, and  ethyl  alcohol  was  produced  commercially  from  sawdust 
(1915)  at  plants  located  at  Georgetown,  S.  C,  and  Fullerton,  La.  In 
this  early  work,  a  dilute  sulfuric  acid  process  was  used.  Yields 
equivalent  to  20  to  25  gallons  of  alcohol  per  ton  of  dry  coniferous  wood 
waste  (15  to  20  percent  bark)  were  obtained.  However,  yields  were 
considerably  less  with  the  wood  of  nonconiferous  or  broadleaved 
trees. ^°  Industrial  production  of  alcohol  in  the  United  States  by  this 
method  was  not  profitable  because  of  competition  from  cheap  molasses, 
and  after  World  War  I  the  plants  were  dismantled. 

Alcohol  production  from  wood  wastes  was  intensified  abroad, 
however,  before  the  recent  war  (19),  since  wood  waste  was  more 
economically  available  than  grain  or  molasses.  Two  processes  were 
developed  in  Germany,  in  which  high  yields  of  alcohol  were  claimed. 
In  one,  the  SchoUer  process  (1926),  dilute  sulfuric  acid  of  0.2  to  1.0 
percent  concentration  is  cumulated  through  layers  of  sawdust  or 
wood  chips,  under  pressure,  at  a  temperatm^e  of  121°  to  180°  C. 
The  sugar  produced  in  the  hydrolysis  is  easily  destroyed  by  the  acid, 
hence  it  must  be  quicldy  and  continuously  removed.  A  wort  con- 
taining about  3  percent  of  sugar  is  obtained.  The  free  acid  is  neutral- 
ized with  lime,  after  which  the  wort  is  fermented  in  the  usual  manner. 
Urea,  monosodium  phosphate,  etc.,  are  usually  added  to  improve 
yeast  action.  Yields  of  about  50  gallons  of  alcohol  are  obtained  per 
ton  of  dry,  bark-free  coniferous  wood.  Lignin  from  the  wood  is 
recovered  from  the  converters.  Considerable  quantities  of  dry  yeast, 
suitable  for  livestock  feeding,  can  be  grown  on  the  (xylose)  sugars 
unfermentable  by  the  yeast. 


'"  Hardwoods  contain  relatively  higher  percentages  of  pentosans  and  corre- 
sponrlingly  less  cellulose  than  coniferous  woods.  Since  both  pentosans  and  cellu- 
lose are  hydrolyzed  in  the  process,  less  6-carbon  sugar  and  more  5-carbon  sugar 
is  produced  from  hardwoods,  hence  less  alcohol  and  more  xylose  result. 


INDUSTRIAL    ALCOHOL  31 

In  the  other,  known  as  the  Bergius  process,  concentrated  hydro- 
chloric acid  is  used  as  the  saccharifying  agent.  The  use  of  con- 
centrated acid  requires  special  acid-resist ent  equipment  and  necessi- 
tates recovery  of  the  acid,  both  of  which  complicate  the  process 
and  increase  the  capital  outlay.  Also,  the  sugar  produced  must  be 
rehydrolyzed  before  it  can  be  fermented.  For  these  reasons  the 
Bergius  process  has  not  been  as  commercially  attractive  as  the  Scholler, 
especially  since  the  latter  process  permits  variations  in  degree  of 
hydrolysis.  About  21  foreign  plants  are  understood  to  have  operated 
on  wood  wastes  by  1941.  Thi'ee  Scholler  and  two  Bergius  plants 
were  located  in  Germany. 

A  proposed  modification  of  the  Scholler  process  attempts  only 
partial  conversion  of  the  cellulose,  which  reduces  alcohol  yields  (18 
to  20  gallons)  but  leaves  utilizable  residues.  However,  this  has 
not  been  developed  commercially.  Another  recent  process,  also  a 
modification  of  the  Scholler  process,  has  been  developed  at  the  Forest 
Products  Laboratory,  ]\Iadison,  Wis.,  and  is  known  as  the  Madison 
wood-sugar  process.  It  takes  advantage  of  the  kmetics  of  cellulose 
saccharification  to  reduce  processing  time  notably,  in  comparison 
with  the  Scholler  method.  By  this  process,  in  3  to  5  hours,  a  bark- 
free  wood  can  be  converted  into  solutions  containing  5  to  6  percent 
reducing  sugars  which,  on  fermentation,  produce  alcohol  in  yields 
of  50  to  65  gallons  per  ton  of  dry,  bark-free  coniferous  wood.^^  A 
residue  of  about  30  percent  of  the  original  wood  remains  (lignin) 
which  may  have  value  as  a  plastics  extender,  as  a  soil  mulch,  or  for 
other  uses.     Yeast  may  be  recovered  for  recycling. 

The  relative  value  of  conversion  processes  for  wood  as  a  source  of 
alcohol  will  depend  on  the  cost  of  the  raw  material  and  processing, 
and  on  the  utilization  of  the  lignin  and  other  residues  so  as  to  obtain 
offsetting  credits.  Alcohol  costs  of  20  to  30  cents  per  gallon  have  been 
estimated.  Vast  amounts  of  alcohol  might  be  produced  from  annual 
wood  wastes  or  from  cellulose  in  general  if  an  economic  process  were 
perfected.  Some  of  the  other  sugars  (prmcipally  pentoses)  formed  in 
the  hydrolysis,  but  not  decomposed  into  alcohol  by  the  yeast,  may 
be  utilized  for  the  production  of  furfural  or  other  chemicals,  food 
yeast,  or  stock-feed  ingredients. 

Wood  wastes  exist  in  large  quantities.  In  ordinary  lumbering 
operations  only  about  one-third  of  the  tree  is  recovered  as  finished 
lumber.  Economic  utilization  of  the  remainder  for  alcohol  production 
would  depend  on  location  or  concentration  of  these  wastes  at  selected 
points  in  amounts  sufficient  to  permit  economic  plant  operation, 
and  on  the  type  of  process  used.  These  wastes  sometimes  are  con- 
centrated at  one  spot,  particularly  as  sawdust.  A  considerable 
amount  of  such  waste  is  now  used  as  fuel. 

It  can  be  estimated  that  a  plant  of  economic  size  (12,000  gallons 
of  alcohol  per  day)  would  have  to  utilize  220  to  250  tons  of  dry, 
mill-run  wood  waste  per  day  to  produce  4.1  million  gallons  of  alcohol 


^1  If  more  dilute  sugar  solutions  can  be  handled  economically,  yields  as  high  as 
75  gallons  of  alcohol  might  be  obtainable.     Theoretical  yield  is  about  95  gallons. 
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per  year.^^  The  number  of  operating  mills  of  a  size  sufficient  to 
permit  adjunct  hydrolysis  operations  is  somewhat  limited.  The 
actual  availability  of  waste — that  is,  the  net  amount  available — 
introduces  limitations. 

Steps  already  have  been  taken  for  the  commercial  development  of 
alcohol  production  from  wood  waste  in  the  United  States.  One 
commercial  plant  was  erected  at  Springfield,  Oreg.,  by  Defense 
Plants  Corporation.  It  was  intended  for  use  in  the  war  emergency, 
but  was  not  completed  until  after  the  end  of  hostilities.  The  plant 
was  operated  on  a  trial  basis  by  private  interests  for  a  short  time  in 
the  summer  of  1947.  The  dilute-acid  process  used  is  based  largely 
on  improvements  made  on  the  original  Scholler  process  by  the  Forest 
Products  Laboratory  of  the  United  States  Department  of  Agriculture, 
Madison,  Wis.  This  agency  may  contmue  to  study  the  plant  opera- 
tions for  further  improvements  if  operations  are  resumed. 

Recently  that  Laboratory  has  suggested,  in  lieu  of  alcohol  produc- 
tion, that  feed-yeast  production  from  the.  sugar  solutions  might  be 
economically  feasible.  Also,  the  sugar  solutions  can  be  evaporated 
to  molasses  concentration  and  utilized  as  a  substitute  for  blackstrap 
or  beet  molasses  in  mixed  stock  feeds.  Yields  of  total  sugar  equivalent 
to  45  to  50  percent  of  the  original  wood  substance  are  reported.  The 
ratio  of  6-carbon  to  5-carboii  sugars  in  this  molasses  may  be  relatively 
high,  and  the  material  might  be  exchangeable  with  cane  and  beet 
molasses,  for  stock  feeding,  according  to  results  from  pilot-plant 
operations  at  Springfield.  Furfural  and  methanol  are  flashed  from 
the  hydrolysis  liquor  and  recovered.  Costs  of  the  molasses  are 
estimated  at  around  $20  per  ton.  Yeast  production  costs  from  the 
molasses  may  approximate  5  cents  per  pound,  based  on  preliminar}^ 
estimates. 

The  production  of  chemicals  from  wood  by  hydrogenation  also 
has  been  proposed. 

AGRICULTURAL  RESIDUES 

Cellulosic  agricultural  residues  similarly  could  be  used  in  lieu  of 
wood  in  these  same  processes,  since  such  residues  also  consist  essentially 
of  cellulose,  pentosans,  and  lignin.  However,  although  the  total  car- 
bohydrate content  of  agricultural  residues  is  about  the  same  as  that 
of  wood  (65  to  70  percent),  agricultural  residues  contain  relatively 
less  cellulose  but  considerably  more  pentosans.  The  same  amount  of 
alcohol-yielding  sugar  (dextrose)  could  not  be  produced  from  a  ton  of 
agricultural  residues  as  can  be  made  from  a  ton  of  wood.  The  rela- 
tively low  cellulose  and  high  pentosan  content  of  agricultural  residues 
may  not  be  a  liability,  however,  since  several  industrially  valuable 
products  can  be  made  alternatively  from  these  pentosans;  for  example, 
butyl  alcohol,  acetone,  furfural,  xylose,  xylitol,  and  fodder  yeast. 
Such  industrial  products  producible  from  the  pentosans  not  only  might 
help  defray  the  cost  of  alcohol  production  but  also  might  make  the 

"-  According  to  estimates  of  the  War  Production  Board,  the  cost  of  a  plant 
producing  alcohol  from  nonfood  raw  materials  is  $500,000  or  less  per  million 
gallons  of  annual  production.  That  is  one  and  six-tenths  to  twice  the  prewar 
cost  of  the  ordinary  grain  fermentation  plant.  Tlie  cost  of  the  j^lant  at  Spring- 
field, Oreg.,  is  estimated  to  be  around  $3,100,000  for  a  predicted  vearlv  capacity 
of  a})out  4  million  gallons  of  95-percent  alcohol. 
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sale  of  lignin  a  less  important  factor  in  the  economics  of  the  whole 
saccharification  operation. 

The  Synthetic  Liquid  Fuels  Project  in  Peoria,  111.,  of  the  Bureau  of 
Agricultm-al  and  Industrial  Chemistry,  is  investigating,  on  a  semi- 
works  scale,  the  cost  of  a  process  for  the  conversion  of  agricultural 
residues  to  xylose  and  dextrose  for  ultimate  conversion  to  products 
utilizable  as  motor  fuels.  The  semiworks  plant  has  a  theoretical 
capacity  of  3.3  tons  of  agricultural  residues  per  8-hour  day,  producing 
approximately  1  ton  of  glucose  (at  10-percent  concentration),  1,600 
pounds  of  x^dose  (at  15-percent  concentration),  200  pounds  of  furfural, 
and  a  residue  of  1,000  pounds  of  lignin. 

In  the  two-stage  process  under  investigation  it  should  be  possible  to 
hydrolyze,  with  dilute  sulfuric  acid,  about  90  percent  of  the  pentosans 
in  the  first  stage,  with  a  simultaneous  hydrolysis  of  only  a  negligible 
amount  of  the  cellulose.  The  cellulose  may  then  be  converted  to 
dextrose  by  a  second  hydrolysis  with  concentrated  sulfuric  acid.  By 
these  two  steps  the  xylose  and  the  dextrose  sugars  are  produced  sepa- 
rately and  thus  each  can  be  converted  to  end  products  under  conditions 
optimum  for  the  respective  sugar  (for  example,  butanol/acetone  from 
the  xylose  by  fermentation  with  Clostridium  acetobutylicum  or  related 
organisms,  and  ethyl  alcohol  from  the  dextrose  by  yeast  fermentation). 

For  every  pomid  of  grain  grown,  about  1  to  U2  pounds  of  straw, 
corncobs,  corn  stover,  or  other  residues  also  are  produced.  Huge 
quantities  of  residue  material  potentially  might  be  available.  This 
material  is  now^  largely  unavailable  for  industrial  use  because  normally 
it  is  scattered  throughout  the  farming  areas,  making  the  costs  of 
collection  an  impeding  factor  to  greater  utilization.  However,  in  some 
instances  certain  farm  residues  are  collected  as  byproducts  at  central 
points  in  ordinary  food  or  textile  processing  operations  (corncobs,  rice 
hulls,  sugarcane  bagasse,  oat  hulls,  flax  shives,  peanut  hulls,  etc.). 
These  collected  residues  frequently  are  used  as  fuel  although  in  a  few 
cases,  such  as  in  the  use  of  oat  hulls  and  corncobs  for  furfural  manu- 
facture and  bagasse  for  insulating  board,  the  concentrations  are  suffi- 
ciently large  to  support  existing  and  important  industrial  operations. 

SULFITE  LIQUOR 

Alcohol  may  be  obtained  indirectly  from  wood  by  fermenting  the 
waste  liquors  from  the  sulfite  pulping  process  used  in  producing  paper 
pulp.  The  pulping  process  aims  at  separating  lignin  and  some  hemi- 
cellulose  from  the  usable  cellulose  fiber.  Derivatives  of  these  separated 
compounds,  together  with  fermentable  sugar  from  the  less  resistant 
fractions  of  cellulose,  appear  in  the  2,000  to  2,300  gallons  of  waste 
liquor  resulting  from  production  of  1  ton  of  pulp.  This  liquor  contains 
2  to  4  percent  sugar,  of  ^vhich  about  65  percent  is  fermentable  to 
alcohol  by  yeast.  Before  such  liquor  can  be  fermented,  however,  the 
sulfur  dioxide  as  well  as  the  acetic  and  formic  acids  present  in  the 
solution  must  be  neutralized,  usually  with  lime.  The  sulfur  dioxide 
gas  largely  can  be  removed  by  aeration  or  by  steam  stripping  before 
neutralization.  About  60  pounds  of  steam  are  required  for  each  100 
gallons  of  liquor, ^^  and  about  25  percent  of  the  original  sulfm'  dioxide 
can  be  recovered  for  reuse  in  the  paper  process.     By  such  treatment, 

13  Private  communications,  M.  M.  Rosten,  E.  E.  Harris. 
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less  iime  is  needed  for  neutralization.  Special  types  of  yeast  may  be 
required,  and  the  addition  of  urea  or  other  source  of  nitrogen  may  be 
necessary  to  sustain  yeast  action.  Fermentation  periods  run  about 
10  hours.  Alcohol  yields  are  about  1  percent  of  the  volume  of  liquid 
fermented;  hence  relatively  large  distillation  and  steam  production 
capacities  are  required. 

Alcohol  recovery  from  this  source  has  been  commercially  successful 
abroad,  particularly  in  Sweden  and  Germany,  but  a  commercial 
attempt  in  the  United  States  some  years  ago  was  abandoned  in  1939. 
A  new  conmiercial  plant  began  operations  at  Thorold,  Ontario,  Can- 
ada, in  1943  and  has  been  operating  with  technical  success.  Produc- 
tion capacity  approximates  nearly  1  million  gallons  of  alcohol  per 
year  (3,000  gallons  per  day)  from  pulping  operations  of  about  120 
tons  per  day.  A  portion  of  the  original  sulfite  liquor  is  used  for 
separate  feed  or  bakers'-yeast  production.  Yields  of  18  to  20  gallons 
per  ton  of  wood  pulp  produced  are  reported. 

The  distinctive  features  of  the  process  are  the  continuous  reuse  of 
the  yeast,  short  fermentation  periods,  low  plant-labor  requirements, 
and  simplicity  of  opera tions.^'^  Potential  yields  of  25  gallons  of  alcohol 
per  ton  of  wood  pulp  produced  are  claimed.  Previous  disadvantages 
of  the  process  were  the  extreme  dilution  of  the  solutions  and  conse- 
quent high-steam  requirements,  the  expense  of  prepurification  of  the 
liquors,  and  the  waste  of  nonfermentable  (5-carbon)  sugars.  These 
sugars  can  serve  as  a  som'ce  of  feed  yeast  if  treated  in  a  supplementary 
process. 

A  plant  for  producing  alcohol  from  waste  sulfite  pulping  liquor  was 
built  in  1944  by  Defense  Plants  Corporation  in  Bellingham,  Wash., 
for  war  emergency  piu-poses.  Fkst  operation  was  achieved  in  1945. 
This  plant,  which  is  reported  to  have  a  production  capacity  of  about 
2)2  to  3)4  million  gallons  of  alcohol  per  year,  was  purchased  from  the 
Government  by  the  lessee  operators  in  1947.  Alethanol  and  sulfur 
dioxide  are  removed  from  the  product  by  a  special  flashing  operation. 
The  ethyl  alcohol  from  both  this  and  the  Thorold  plant  apparently 
is  competing  commercially  with  that  from  other  source  materials,  at 
current  alcohol  prices. ^^ 

If  the  process  proves  to  be  economic  under  future  market  conditions, 
a  large  potential  soiutc  of  relatively  low  cost  alcohol  might  be  a  possi- 
bility. There  are  perhaps  35  pulp  mills  of  sufficient  size  (100-tons- 
per-day  pulp  output,  minimum)  to  carry  on  alcohol  recovery.  A 
potential  40  million  gallons  of  alcohol  is  conceivable  from  this  source 
alone.  It  is  claimed  that  future  costs,  based  on  large  operations,  may 
be  as  low  as  12  cents  per  gallon  (10),  although  16  to  20  cents  would 
probably  be  a  more  dependable  estimate. ^^ 

Ordinarily,  the  sulfite  liquor  is  furnished  practically  free  to  alcohol 
processing  subsidiaries;  any  substantial  charge  for  this  would  have  a 
corresponding  eft'ect  on  alcohol  cost.     Because  of  possible  contami- 

'^  See  footnote  13. 

'5  In  1947,  the  Commercial  Alcohols  Company,  Ltd.,  of  Montreal  began  con- 
struction of  a  $2,750,000  sulfite  alcohol  plant  at'Gatineau,  Canada,  to  produce  2 
to  .3  million  (U.  S.)  gallons  annually.  Operations  began  in  January  1949.  The 
plant  is  understood  to  be  of  s])ccial  design. 
^ '«  This  process  has  been  commercially  employed  extensiyely  in  S\yeden  and 
Norway.  Costs  of  alcohol,  according  to  i^riyate  sources,  were  about  18  cents 
per  gallon,  in  tanks,  at  works,  without  profit. 
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nation  with  methanol  (wood  alcohol)  the  use  of  the  alcohol  thus 
produced  mig'ht  be  limited  in  certain  fields.  However,  it  is  possible 
with  adequate  distillation  equipment  to  remove  this  methanol  com- 
pletely. Actually,  a  considerable  portion  of  the  methanol  is  elimi- 
nated in  the  preliminarj^  stage  of  sulfur  dioxide  removal.  The  rela- 
tively large  quantities  of  processing  steam  required  constitute  an 
economic  limitation  which,  if  solved,  might  improve  the  competitive 
status  of  sulfite  liquor.  About  100  gallons  of  liquor  must  be  processed 
to  obtain  1  gallon  of  alcohol. 

FERMENTATION  PROCEDURES 

Most  fermentation-type  alcohol  plants  follow  a  generally  similar 
process,  although  in  each  plant  there  are  differences  in  the  raw  material 
used,  the  type  of  equipment,  the  yeast  strain,  the  processing  tempera- 
ture ranges  and  other  factors,  the  concentrations  employed,  and  the 
recovery  of  byproducts.  Fermentation  is  conducted  in  large  tanks 
or  vats  that  now  usually  are  constructed  of  steel,  although  wooden- 
stave  tanks  formerly  were  used.  Steel  fermenters  usually  are  of 
closed-top  construction  to  permit  recovery  of  byproduct  carbon 
dioxide  gas  and  to  afford  better  means  of  steam  sterilization.  With 
wood  tanks  no  gas  could  be  recovered  unless  special  closed  tops  were 
provided,  sterilization  was  difficult,  and  leakage  often  occurred. 
Modern  fermenters  may  be  equipped  with,  cooling  coils  or  circulating 
pumps  to  afford  control  of  fermentation  temperatures. 

In  fermenting  molasses,  the  raw  material  is  diluted  to  a  concentra- 
tion of  16  to  20  percent  sugar  and  active  yeast  is  added  after  the 
acidity  of  the  solution  is  adjusted  to  the  optimum  (about  5.0  pH)  for 
best  fermentation.  Yeast  is  used  in  amounts  approximating  3  per- 
cent of  the  total  mash  volume.  Presterilization  of  the  molasses  solu- 
tion usually  is  not  practiced.  Initial  inoculation  with  yeast  usually 
is  made  at  mash  temperatures  of  about  78°  F.,  and  effort  is  made  to 
avoid  too  rapid  fermentation,  foaming,  etc.,  by  holding  the  tempera- 
ture below  90°  F.  Fermentation  usually  is  complete  in  48  to  55 
hours,  depending  upon  temperatures,  concentrations,  and  other  fac- 
tors, after  which  the  fermented  beer  is  passed  to  dealcoholizing  and 
refining  stills.  In  certain  instances  when  some  recovery  of  residues 
may  be  indicated,  other  subsequent  processing  steps  such  as  screen- 
ing, evaporating,  and  drying  are  carried  out.  Fruit  and  other  sugar- 
containing  materials  would  be  handled  similarly,  with  macerating 
and  steam  sterilizing  steps  preceding  the  fermentation. 

When  grain  of  any  material  containing  starch  is  used,  handling, 
cleaning,  weighing,  milling,  and  cooking  must  precede  the  actual 
fermentation.  These  steps  constitute  an  essential  and  relatively 
expensive  part  of  the  process.  After  the  cooking,  which  historically 
is  a  batch  process,  usually  accomplished  in  horizontal  steel  pressure 
cookers  equipped  ^^dth  steam  jets  and  stirring  mechanisms, ^^  the 
''mash"  must  be  converted,  i.  e.,  the  cooked  starch  must  be  changed 

1^  The  German  Henze  process  substitutes  steam  explosion  for  the  usual  steps 
of  milling  and  cooking  with  agitation.  About  a  dozen  United  States  plants  are 
equipped  to  use  this  method,  particularly  for  potato  processing.  The  method 
might  be  applied  to  corn,  also,  and  is  stated  to  represent  a  cost  saving  compared 
to  usual  milling  procedures;  but  feed  recovery  by  screening  is  adversely  affected. 
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to  siicjar.  This  change  is  effected  by  malt,  which  contains  the  neces- 
sary enzymes.  Cooking  generally  is  done  on  dilutions  equivalent  to 
20  to  25  gallons  of  finalsliirry  for  each  56-pound  bushel  of  grain  used. 
Temperatures  ranging  from  250°  to  350°  F.  are  employed,  depending 
on  the  type  of  material  and  equipment.  A  batch  cooking  cycle 
ordinarih^  extends  about  2  hours  from  filling  to  dumping.  Before 
the  addition  of  malt  the  temperature  of  the  cooked  mash  must  be 
lowered  below  145°  F.,  so  as  not  to  destroy  the  malt  enzyme.  The 
amount  of  malt  added  usually  is  about  8  percent  (dry  weight)  of  the 
oriirinal  grain  contained  in  the  batch,  a  cold  water  suspension  of  ground 
maU  being  used.  Quantities  of  10  to  12  percent  may  be  employed, 
particularly  for  whisky  production.  A  portion  of  the  malt  usually  is 
added  previous  to  the  cooking  to  effect  some  conversion  of  starch  and 
reduce  the  viscosity  of  the  grain  slurry. ^^  Recently,  because  malt  is 
relatively  expensive,  the  use  of  enzymes  produced  by  molds  or  bac- 
teria in  lieu  of  malt  has  been  tried  commercially.  Substitution  of 
m.ineral  acid  hydrolysis  for  malting  has  been  advocated  for  industrial 
alcohol  production,"^ but  it  is  impractical  for  distilled  spirits.  Much 
experimentation  is  being  done,  but  to  our  knowledge  no  plant  is 
using  an  acid  process  commercially  at  this  time. 

The  cooking  process  has  been  simplified  recently  by  substituting 
continuous  operation  for  batch  processing.  A  mixture  of  ground  grain 
suspended  in  water  is  pumped  in  a  continuous  stream  through  a  steam 
jet,'  where  it  meets  high-pressure  steam  at  about  350°  F.  After 
passing  through  the  jet,  the  heated  slurry  is  held  at  this  temperature 
and  pressure  for  4  to  10  minutes  by  use  of  long  pipes  or  catch  tanks. 
The  slurry  then  enters  a  flash  chamber  where  the  pressure  is  relieved 
and  excess  steam  is  flashed  off  for  reuse.  The  partly  cooled  slurry  then 
passes  through  a  second  flash  chamber  where  the  temperature  is 
reduced  to  around  160°  F.  by  employment  of  vacuum  (usually  a 
barometric  condenser).  At  the  exit  from  this  chamber  a  cold  malt 
shuTy  is  injected  continuously,  so  that  a  mash  temperature  of  145° 
is  reached  immediately.  The  mixture  then  passes  through  cooling 
coils  to  the  fermenters,  where  much  of  the  starch  hydrolysis  subse- 
quently occurs.  This  process  requires  much  less  equipment  and  labor 
than  the  batch  process,  and  it  has  been  installed  in  many  plants. 

After  cooking,  malting,  and  cooling,  the  mash  usually  is  at  a  con- 
centration of  30  to  45  gallons  per  bushel  of  grain  and  at  a  temperature 
of  78°  F.  as  received  in  the  fermenters.  The  fermentation  procedure 
is  substantially  the  same  as  that  for  molasses,  until  after  distillation. 
Yeast  volumes  used  represent  about  3  percent  of  the  total  mash. 
After  distillation,  recovery  must  be  made  of  the  unfermented  residues 
in  the  waste  (stillage)  from  the  dealcoholizing  still.  This  entails  an 
extensive  recovery  plant,  usually  known  as  a  dryhouse,  which  is 
relatively  expensive  as  to  both  plant  and  operation.  Grain  processing 
r(>cjiiires  piMhaps  three  to  five  times  as  much  steam  as  mollasses  proc- 
essing. This  necessitates  larger  boiler  plants,  more  equipment,  and 
much  more  extensive  personnel  than  a  molasses  plant.  The  higher 
costs  a r(*  somewhat  ofl'set  by  the  larger  amount  of  byproducts  and 
the  higliei-  icluin  value  usually  obtainable  from  them. 

Processing  of  potatoes  or  other  starchy  root  materials  represents 
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an  operation  intermediate  between  those  for  grain  and  for  molasses. 
Simple  maceration  may  replace  grain  milling,  dryhouse  equipment 
requirements  are  less  than  for  grain,  and  steam  requirements  also  are 
reduced.  Malt  requirements  are  in  proportion  to  starch  content. 
TVTiere  inulin  rather  than  starch  is  present,  conversion  can  be  accom- 
plished without  the  use  of  malt. 

The  fermentation  step  for  wood  sugars  is  analogous  to  that  for 
molasses,  except  that  neutralization  of  the  raw  solutions  is  necessary. 
The  equipment  for  the  hydrolysis  of  wood  represents  a  greater  per- 
centage of  the  total  capital  investment.  Equipment  for  recovery  of 
byproducts,  as  well  as  steam  requirements,  differs  greatly  from  that 
required  for  grain  operations. 

The  production  of  yeast  in  a  distillery  is  accomplished  in  stages  of 
increasing  size;  usually  the  start  is  from  a  small  culture  and  the  suc- 
ceeding steps,  each  producing  a  larger  quantity  (at  least  a  10  : 1  ratio), 
are  timed  to  coincide  with  the  operation  cycle  of  the  fermenters. 
The  yeast  is  gro\\Ti  on  a  mash  comparable  with  the  general  type  of 
material  fermented  in  the  alcohol  plant,  and  is  maintained  at  an 
acidity  of  approximately  4.5  pH  to  retard  growth  of  deleterious  bac- 
teria. The  yeast  is  added  to  the  fermenter  mash  when  at  the  peak  of 
budding  activity.  Some  distilleries  use  lactic  acid  instead  of  sulfuric 
acid  to  adjust  the  acidity  of  the  yeast.  In  such  cases,  a  24-hour  lactic 
acid  fermentation  precedes  the  yeast  production  operation,  the  lactic 
organisms  being  killed  by  heat  previous  to  yeast  inoculation. 

Grain  plants  usually  are  confronted  with  the  necessity  of  storing 
raw  material  sufficient  for  operations  for  extended  periods.  Moisture 
in  the  grain,  if  excessive  (over  15.5  percent),  may  bring  problems  of 
grain  heating,  or  damage  by  micro-organisms.  Milling  becomes 
difficult  at  a  moisture  content  exceeding  17.5  percent.  Drying  of 
grain  by  heat  may  affect  the  fermentability,  if  too  high  temperatures 
are  employed.  A  range  of  130°  to  170°  F.  may  be  allowable,  but 
must  not  f)e  exceeded.  However,  mold  or  heat-damaged  grain  appar- 
ently can  be  fermented  without  much  loss  of  alcohol  yield. 

SYNTHETIC  ALCOHOL 

When  evaluating  agricultural  materials  which  require  fermentation 
as  sources  of  industrial  alcohol,  attention  should  be  paid  to  competing 
sources  which  may  represent  lower  cost  production. 

Alcohol  can  be  produced  by  synthesis  from  certain  gases,  particularly 
eth^dene.  Ethylene  is  a  normal  constituent  of  both  natural  and  coke 
oven  gases,  and  of  the  waste  gases  from  petroleum  refining  in  producing 
gasoline,  although  in  many  instances  only  small  amounts  (3  to  6  per- 
cent) are  present.  It  may  also  be  produced  by  pyroh^sis  of  ethane  or 
propane,  which  also  are  present  in  such  waste  gases  (21).  It  occm^s 
in  byproduct  gases  originating  from  synthetic  gasoline  production  in 
the  Fischer-Tropsch  and  Synthol  processes.  Scrubbing  of  such  gases 
(of  suitable  and  relatively  high  eth^dene  content  and  semipurified  by 
removal  of  other  interfering  hydrocarbons)  with  concentrated  sul- 
furic acid  under  pressure  removes  the  ethylene  as  ethyl  hydrogen 
sulfate,  which  in  turn  is  easily  hydrolyzed  by  water  to  ethyl  alcohol. 
Yields  of  alcohol  obtained  are  about  90  percent  of  theoretical  (5). 
Some  ether  (5  percent  of  total  yield)  is  formed  as  a  byproduct.     The 
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sulfuric  acid  may  be  regenerated  for  reuse,  or  recovered  as  amrnonium 
sulfate.  The  recovery  or  utilization  of  the  byproduct  sulfuric  acid 
has  constituted  a  process  disadvantage,  but  recent  developments  in 
vapor-phase  hydrolysis  indicate  that  the  problem  can  be  simphfied, 
The  direct  hydration  of  ethylene  by  water  vapor,  without  use  of  acid, 
has  recently  become  commercially  practicable. 

Comparatively  large  amounts  of  ethylene  contained  in  waste 
refinery  gases  and  natiu-al  gas  now  are  not  utilized  chemically.  They 
represent  a  source  of  additional  large  quantities  of  alcohol  or  secondary 
c'lK^nical  products  thereof,  if  and  when  it  is  possible  to  recover  such 
ethylene  economically.  One  limitation  on  production  of  alcohol  or 
chemicals  from  gas  is  the  capital  investment  rec^uired,  which  is  much 
higher  than  the  similar  requkement  for  fermentation  alcohol  plants. 
This  is  largely  owing  to  the  high  expense  of  the  corrosion-resistant 
equipment  which  must  be  used  in  the  sulfuric  acid  process  (7).  How- 
ever, the  relatively  low  raw  material  costs  apparently  can  offset  the 
initial  disadvantage.  About  4.5  pounds  of  ethylene  (4.05  theoreti 
cally)  are  required  to  make  a  gallon  of  alcohol.  Over-all  production 
costs  of  the  alcohol  have  been  variously  given  as  12  to  18  cents  per 
o:allon,  based  on  prewar  ethylene  values.  Processing  costs  at  present 
are  stated  to  be  less  than  10  cents  per  gallon  (5)  including  credits 
for  reconverted  acid.  Amortization  costs  are  relatively  high.  Future 
production  necessarily  will  be  related  to  the  availability  and  competi- 
tive cost  of  ethylene.  As  a  result  of  the  synthetic  rubber  program 
(styrene  production)  demands,  ethylene  costs  during  the  war  rose  as 
high  as  4.5  to  6.0  cents  per  pound,  increasing  alcohol  production  costs 
significantly.  Recently,  natural  gas  costs  have  gone  to  high  levels. 
Ethylene  production  in  1946  was  estimated  at  295  million  pounds. 
Plant  capacity  (1948)  for  ethylene  production  from  natural  gas  is  stated 
to  be  3.4  million  pounds  daily  {13),  but  actual  production  approximated 
700,000  pounds. 

Synthesis  of  alcohol  from  other  gases  is  possible.  Acetylene  gas 
is  available  from  calcium  carbide  or  by  pyrolysis  of  propane  or  natural 
gas  (IS),  and  commercial  production  of  ethyl  compounds  or  of  acetic 
acid  is  possible  by  oxidizing  the  acetylene  to  acetaldehyde,  with 
subsequent  reduction  to  alcohol  or  further  oxidation  to  acetic  acid. 
This  process  now  is  used  in  Canada  and  at  Niagara  Falls,  N.  Y.,  to 
produce  acetic  acid  (which  is  oxidized  ethyl  alcohol),  but  not  to 
produce  alcohol. ^^ 

It  also  is  possible  to  make  certain  ethyl  products,  such  as  ethyl 
acetate,  by  direct  catalysis  from  ethylene  without  preliminary  recovery 
of  alcohol  in  concentrated,  purified  form.  Acetic  acid  and  ethyl 
ester  production  now  constitute  a  large  portion  of  the  market  for 
alcohol,  and  their  direct  production  from  ethylene  or  acetylene  is 
increasing.  The  complexity  of  the  synthetic  production  of  chemicals 
is  shown  by  the  fact  that  one  company  produces  formaldehyde, 
mc^thanol,  acetone,  acetaldehyde,  acetic  acid,  iso-  and  normal-propyl 
and  })utyl  alcohols,  etc.,  in  one  plant,  using  only  butane,  propane, 
and  natural  gas  (as  a  hydrogen  source)  as  raw  materials.  This 
operation   essentially    is    one    continuous    process,    the    various    end 


'"  It  is  understood  that  this  j^rocess  was  used  commercially  for  alcohol  produc- 
tion in  Murope  (11). 
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products  being  derived  as  fractions,  or  developed  from  respective 
fractions,  of  the  product  stream. 

Alcohol  also  is  formed  or  recovered  in  certain  chemical  operations, 
such  as  methanol  synthesis  and  ethyl-cellulose  manufactm-e.  How- 
ever, present  production  from  these  sources  is  relatively  small. 

A  hitherto  untapped  source  of  alcohol  may  lie  in  high-pressure  syn- 
thesis from  carbon  dioxide.  Methanol  is  now  made  extensively  from 
carbon  monoxide  plus  hydrogen,  by  catalytic  synthesis  under  high- 
pressure  conditions.  Carbon  dioxide,  which  is  available  in  large 
amounts,  can  be  reduced  to  carbon  monoxide.  Variations  of  flow 
constants  or  substitution  of  other  gases  for  carbon  monoxide  can 
yield  alcohols  (or  derivatives)  higher  in  the  series  than  methanol. 
(The  hydrogen  required  for  such  synthesis  can  be  produced  by  the 
reaction  of  hydrocarbons  with  steam,  but  in  part  it  is  also  a  natural 
constituent  of  the  raw  gases  used  as  raw  material.)  Certain  butyl 
alcohols  are  now  produced  commercially  by  such  reactions. 

Although  tried  abroad,  particularly  in  Germany  and  France,  and 
although  a  number  of  patents  are  extant,  there  has  been  little  induce- 
ment to  make  ethanol  by  such  methods  because  of  the  competition 
from  other  sources.  However,  the  possibility  exists.  Any  visualiza- 
tion of  the  future  production  of  alcohol  by  fermentation  processes 
for  industrial  or  fuel  purposes  from  relatively  expensive  farm  products 
mast  be  limited  by  the  prospect  of  cheap  alcohol  from  chemical  sources. 
In  the  Fischer-Tropsch  process,  for  example,  wherein  carbon  monoxide 
is  combined  with  hydrogen  to  make  synthetic  gasoline,  usually  a 
mixture  of  alcohols  also  occurs  as  a  byproduct.  A  somewhat  related 
method  of  synthesis  from  carbon  monoxide,  ethylene,  and  hydrogen, 
originating  in  Germany  and  known  as  the  0X0  process,  is  directed 
particularly  to  the  production  of  higher  carbon  aldehydes  and  al- 
cohols. It  is  understood  that  several  commercial  0X0  plants  in 
this  country  are  contemplated,  based  on  petroleum  as  raw  material. 

The  synthetic-ethanol  industry  has  made  a  tremendous  advance 
in  the  United  States,  as  showm  in  table  6.  Production  was  started 
originally  by  the  Carbide  and  Chemicals  Company  at  Charleston, 
W.  Va.,  about  1929,  to  synthesize  ethyl  alcohol  from  ethylene  ob- 
tained from  natural  gas.  A  second  plant  was  erected  about  1933  at 
Whiting,  Ind.,  for  utilizing  waste  gas  from  an  adjoining  petroleum 
refinery.  Later,  a  plant  was  built  at  Texas  City,  Texas  (1940), 
presumably  to  be  operated  in  conjunction  with  a  petroleum  refining 
operation.  A  plant  also  was  built  in  1943  at  Baton  Rouge,  La., 
by  a  southern  oil  company,  to  use  ethylene  in  gas  derived  from  nearby 
petroleum  refining  plants.  During  the  war  the  capacity  of  existing 
plants  was  increased.  Production  from  all  plants  reached  74  million 
gallons  in  1948  (fiscal  year),  and  1  new  plant  (of  reputed  18  million 
gallons  annual  capacity)  subsequently  began  operation  about  Septem- 
ber 1948  in  Texas,  using  ethylene  vapor-phase  hydration  instead  of 
sulfuric  acid  hydrolysis.  Several  other  plants  are  being  constructed 
in  Texas,  for  the  production  of  ethylene  or  chemical  derivatives 
(particularly  acet aldehyde)  from  natural  gas,  or  from  waste  petroleum 
gases.  Heretofore,  synthetic  ethyl  alcohol  usually  has  been  sold 
(to  subsidiaries)  on  contract  for  industrial  purposes,  so  that  little  of 
it  reached  the  free  market.  During  the  war  most  of  it  was  used  for 
producing  butadiene,  the  raw  material  for  synthetic  rubber,  which 
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nocossitated  some  of  the  plant  expansion  that  has  occurred.     This 
situation  may  change  as  excess  production  becomes  available. 

Table  6. —  Trends  in  industrial  alcohol  production,  hy  fiscal  years,  from 
various  raw  material  sources  ^ 


Source 

1934 

1935 

1936 

1937 

1938 

1939 

1 
1940 

1941 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

Molasses         -   

83.4 

85.  5 

76.  2 

75.7 

73.  1 

67.6 

68.  56 

70.41 

Grain 

6.3 
7.  3 
3.0 

2.  7 
9.  7 
2.  1 

7.0 
16.0 

.8 

8.4 
15.2 

.  7 

9.  1 

17.  6 

.  2 

7.  7 
23.  9 

.8 

5.73 

25.  12 

.59 

5.87 

Synthetic 

23.  39 

Other                     -    -    - 

.  33 

T'nfiiii'^hed  SDirits 

Potatoes  ■» 

Sulfite  lioiior 

i 

j 

Source 

1942 

- 

1943  2 

1944  2 

19452 

1946  2 

19472 

1948 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

Molasses 

68.  13 

35.  55 

32.  60 

27.83 

24.  64 

18.  12 

38.  75 

Grain--    

9.08 

24.  09 

32.40 

41.22 

26.  69 

13.30 

9.44 

Synthetic 

21.  33 

21.  60 

17.  87 

16.  34 

36.07 

44.  60 

38.  18 

Other 

.26 

.57 

3  10.  02 

39.54 

L03 

1.64 

2.50 

Unfinished  spirits 

1.20 

18.  19 

7.  11 

4.82 

6.  70 

16.  58 

9.40 

Potatoes  ■• 

1.07 
.80 

4.30 
L46 

1.  32 

Sulfite  lic|uor 

.25 

L41 

'  The  general  production  trend  is  not  accurately  reflected  by  the  percentages 
shown  for  1942-45,  being  disguised  by  (a)  current  shortages  of  molasses,  (6)  in- 
creased use  of  grain  as  ra^y  material,  (c)  conyersion  of  the  entire  beyerage  alcohol 
industry  temporarily  to  industrial  alcohol  production  for  war  purposes,  and  {d) 
large  increases  of  total  production  occasioned  by  the  war,  which  exceed  the  relative 
increases  in  synthetic-alcohol  production. 

2  Based  on  production  in  industrial  alcohol  plants  only,  but  including  unfinished 
spirits  originally  produced  in  distilleries  (largely  from  grain)  and  transferred  to 
industrial  alcohol  plants  for  refining. 

^  Mainly  from  grain  mixtures. 

^  These  percentages  actually  should  be  slightly  higher  (0.1-0.2)  because  of 
potatoes  used  in  mixtures,  shown  herein  as  other. 

I'he  proportionate  production  of  synthetic  industrial  alcohol  is 
shown  in  table  6.  Since  future  production  by  synthesis  may  equal 
the  total  annual  prewar  industrial  alcohol  consumption,  the  future 
economic  status  of  fermentation  production  methods  may  be  signifi- 
caTitly  endangered,  if  plants  for  synthetic  production  are  operated  at 
full  capacity.  Early  in  1949  it  appeared  that  the  actual  production 
capacity  of  all  the  syntlu^tic  plants  may  approximate  111  million 
gallons  per  year,  with  further  increases  in  sight. 


ANHYDROUS  ALCOHOL 

^\  it  hill  the  past  25  years  alcohol  has  been  produced  commercially  to 
some   extent   in   relatively   anhydrous   form   for  special   uses.     This 
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alcohol  is  usiiallv  made  in  this  country  from  190-proof  (95  percent) 
alcohol,  although  foreign  processes  before  the  war  included  continuous 
processing  methods  in  which  the  anhydrous  alcohol  was  produced 
directly  from  the  original  fermented  mash.  There  are  perhaps  seven 
commercial  installations  in  this  country.  The  method  principally 
used  is  known  as  azeotropic  distillation.  Ordinarily,  alcohol  and  water 
form  a  constant  boiling  mixture  (at  95.57  percent  alcohol  by  volume) 
which  is  not  easily  separated  by  distillation,  since  it  boils  at  a  tempera- 
ture slightly  below  the  boiling  temperature  of  pure  ethanol.  Hence 
most  alcohol  is  sold  commercially  at  the  95-percent  average  concen- 
tration easily  achieved  in  ordinary  distillation  procedures. 

However,  if  certain  organic  liquids  are  added  to  and  distilled  with  the 
95-percent  alcohol,  it  is  possible  to  separate  and  continuously  remove  a 
mixture  of  alcohol  and  the  organic  agent  which  also  will  contain 
practically  all  the  water  originally  present  m  the  alcohol.  Benzol 
fcoal-tar  benzene)  ordinarily  is  used  in  the  United  States  as  the 
azeotropic  agent  (four  plants),  while  in  Germany  trichlorethylene 
(Drawinol  process)  was  largely  used  before  the  war.  One  American 
plant  uses  isopropyl  ether,  and  one  Canadian  plant  is  reported  as  using 
ethylene  glycol.  Ether,  volatile  mineral  spirits,  and  glycerine  are 
other  azeotropic  possibilities.  Potassium  carbonate  is  sometimes  used 
as  an  adjunct  agent. 

Ether  is  a  suitable  azeotropic  agent  only  under  higher  pressures 
(about  100  p.  s.  i.  gage),  and  requu-es  equipment  of  special  design  and 
increased  structural  strength.  An  experimental  unit  using  the  ether 
process  is  in  operation  at  the  Northern  Regional  Research  Laboratory, 
Peoria,  111.  In  this  process  advantage  is  taken  of  the  higher  pressure 
conditions  existing  in  the  anhydrous  distillation  unit  to  reboil  water 
from  the  condenser  located  at  the  top  of  the  distillation  column,  thus 
generating  low-pressure  steam  (±5  p.  s.  i.)  which  is  utilized  in  con- 
centrating the  dilute  alcohol  fed  to  and  entering  the  regular  distilling 
columns.  (See  figin-e  4.)  In  all  the  azeotropic  processes  the  volatile 
organic  agent  is  continuously  recovered  and  fed  back  into  the  system 
for  reuse.     Alcohol  concentrations  of  about  99.6  percent  are  obtained. 

It  also  is  possible  to  dehydrate  95-percent  alcohol  by  the  use  of 
anhydrous  metal  salts.  These  salts  do  not  dissolve  in  the  alcohol  but 
merely  absorb  the  water  to  form  hydrated  metallic  salts,  that  is,  they 
take  on  water  of  crystallization.  Copper  sulfate  originally  was  used, 
or  calcium  salts  (quicklime,  gypsum,  etc.).  One  American  commercial 
installation  apparently  has  operated  successfully  with  a  fused  (eutec- 
tic)  mixture  of  potassium  and  sodium  acetate  (Hiag  process).  This 
process  has  been  employed  extensively  abroad.  The  use  of  aluminum 
oxide  for  similar  purposes  has  been  patented  and  was  tried  at  one 
plant  in  the  United  States.  After  withdrawal  of  the  dehydrated 
alcohol,  all  such  salts  can  be  dried  to  anhydrous  form  for  reuse.  Other 
patented  methods  include  vacuum  distillation. 

These  processes  ordinarily  add  about  3  cents  to  the  cost  of  each  gallon 
of  anhydrous  alcohol  to  cover  labor,  capital  expense,  chemical  losses, 
and  steam.  There  is  a  5-percent  shrinkage  in  gallonage  as  a  result  of 
the  concentration  achieved.  The  processes  usually  are  patented  and 
many  such  patents  have  been  in  effect;  however,  many  of  these  now 
have  expired.     Present  production  capacity  in  the  United  States  is 
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computod  at  around  11  million  gallons  of  anhydroiis  alcohol  per  year. 
The' development  of  anhydrous  alcohol  production  is  largely  asso- 
ciated with  the  developnient  of  the  automobile.  Its  use  originated 
abroad  principally  because  of  the  use  of  alcohol  in  gasolme  as  fuel. 
Ordinary  95-percent  alcohol  is  difficultly  soluble  m  gasoline  and  the 
two,  when  used  in  blends,  tend  to  separate,  whereas  anhydrous  alcohol 
and' gasoline  ordinarily  are  completely  miscible.  Anhydrous  alcohol 
also  was  suitable  for  use  in  the  nitrocellulose  lacquer  finishes  which 
were  developed  origmally  for  specific  use  in  automobile  decoration. 
Future  use  in  this  country  of  alcohol  in  motor  fuel  in  the  form  of 
alcohol-gasolme  blends  might  requhe  expansion  of  production 
capacity. 

BUTANOL-ACETONE  PLANTS 

In  the  group  of  plants  which  produce  butanol  and  acetone  by  fer- 
mentation methods,  gram,  molasses,  and  (recently)  potatoes  have 
been  used  alternatively  as  raw  materials,  depending  upon  relative 
price  or  accessibility.  Instead  of  yeast,  certain  bacteria  (species  of 
Clostridium)  are  employed  as  fermenting  agents,  the  original  process 
having  been  developed  by  Weizmami  in  England  during  World  War  I. 
In  the  butanol  process  ethjd  alcohol  in  varying  amounts  is  produced  as 
a  byproduct  along  with  the  deshed  chemical  products.  The  following 
tabulation  indicates  the  usual  ranges  of  yields  of  butanol  fermentation 
products  from  corn  and  molasses: 

(Percent  by  volume  of  total,  solvents  produced) 
Product:  ^°''"  Molasses 

Butanol 56  to  60 68  to  72. 

Acetone 30 29  to  25. 

Ethyl  alcohol 14  to  10 3  to  8. 

Mixed  solvents 15.5    pounds    per  3.5    pounds    per 

bushel.  gallon. 

However,  in  some  instances  fermentation  butanol  plants  may  oper- 
ate simultaneously  (or  alternatively)  as  ethyl-alcohol  plants,  since 
practically  all  the  equipment  is  suitable  for  either  process.  Conse- 
quently, when  comparative  prices  favor  butanol,  these  plants  actually 
may  produce  only  the  mmimum  (byproduct)  ethyl  alcohol  output, 
while  conversely,  with  poor  markets  or  low  prices  for  butanol  (or 
acetone),  they  might  operate  wholly  for  ethyl  alcohol  production,  if 
such  production  were  economic.  Therefore,  the  amount  of  ethyl 
alcohol  drivable  from  this  source  depends  on  the  butanol-acetone 
supply  and  requirement  situation.  One  unit  of  butanol  production 
offsets  or  is  equivalent  to  about  three  imits  of  possible  ethyl  alcohol 
production. 

In  prewar  years,  the  operation  of  these  plants  (only  five  such 
plants  exist)  as  a  group  seemingly  averaged  about  50  percent  for 
alcohol  and  50  percent  for  butanol  production.  Molasses  use  has 
averaged  about  45  million  gallons  in  the  years   1940-44,  inclusive, 


INDUSTRIAL    ALCOHOL  43 

with  a  peak  of  about  60  million  gallons  (1941),  while  at  the  same  time 
grain  was  used  as  follows: 

Million  pounds 
Fiscal  vear:  C'orn  Wheat 

1942 256.6        11.5 

1943 333.  1     167.1 

1944 282.0       64.8 

1945 292.0         0.5 

1946 147.7         1.0 

1947 420.  4 

1948 143.9     (23.5,    grain 

sorghum). 

Surplus  potatoes  were  used  for  butanol  production  during  1946-48 
in  at  least  one  plant,  to  the  extent  of  355  million  pounds.  Cheese 
whey  also  has  been  used  to  a  minor  extent. 

Butanol  now  is  produced  commerically  by  synthesis  from  waste 
gases  of  petroleum  refining,  from  natural  gas,  and  from  acetylene  or 
ethyl  alcohol,  in  competition  with  the  fermentative  production.  Such 
production  is  not  limited  to  the  fermentative  product,  A^-butanol 
(normal  butanol),  but  isomeric  forms  (iso,  secondary,  and  tertiary 
butyls)  also  are  produced. 

Secondary  butyl  is  produced  from  petroleum  gases  in  three  plants. 
A  fourth  plant  is  expected  to  begin  operations  in  1948.  This  alcohol  is 
used  to  make  methyl  ethyl  ketone  and  other  secondary  ketones  and 
esters.  Tertiary  butanol  is  produced  in  one  plant  in  California  from 
petroleum  byproducts.  Isobutyl  alcohol  occurs  as  a  byproduct  of 
methanol  synthesis,  in  at  least  two  plants.  One  additional  plant  is 
understood  to  produce  a  mixture  of  85  percent  isobutyl  and  15  percent 
normal  butyl,  by  synthesis.  The  entire  production  is  being  expanded. 
Butanols  also  occur  in  the  byproducts  of  the  Synthol  (gasoline)  proc- 
ess, which  may  constitute  a  further  source  in  the  future. 

The  total  production  of  butanol,  all  types,  amounts  to  30  to  35 
million  gallons  per  year,  of  which  normal  butanol  production  has  con- 
stituted around  60  to  72  percent  (139  million  pounds  in  1947).  Of 
such  normal  butanol,  about  80  percent  was  made  by  fermentation  of 
carbohydrates  (previous  to  1944),  the  remaining  20  percent  being 
made  synthetically  from  ethyl  alcohol  (through  acetaldehyde  by  aldol 
condensation).  Recently,  synthetic  production  has  approached  50 
percent  of  the  total  normal  butanol.  Other  isomeric  forms  of  butanol 
are:  isobutanol  (formerly  representing  1.8  to  4.4  percent  of  total 
butanol  produced),  secondary  butanol  (representing  24  to  34  percent 
of  total  butanol),  and  tertiary  butanol  (representing  about  1.4  per- 
cent of  total  butanol). 

SUMMARY  OF  ORIGINS  AND  APPLICATIONS 

The  alcohol  produced  by  yeast  fermentation  from  any  starch-  or 
sugar-bearing  agricultural  crop  or  crop  byproduct  inherently  is  suit- 
able (assuming  adequate  rectification)  for  practicall}^  any  industrial 
purpose  for  which  alcohol  is  employed.  Practically  no  limitations  to 
such  use  exist  and  source  material  or  use  may  be  interchangeable,  conse- 
quently, all  alcohol  from  such  materials  may  be  pooled  for  use.  The 
only  restrictions  on  the  use  of  industrial  alcohol  produced  from  farm 
crops,  particularly  cereals,  that  might  be  of  significance  are  in  the 
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actual  supph'  of  these  raw  materials  and  the  factor  of  relative  cost, 
since  the  sarne  alcohol  can  often  be  produced  more  cheaply  from  other 
materials  which  also  may  be  available  in  sufficient  quantities.  In  the 
production  of  beverage  alcohol  the  field  narrows  to  a  few  specific  agri- 
cultural raw  materials  (cereals),  and  cost  becomes  less  of  a  major  con- 
sideration. With  suitable  and  usually  not  too  extensive  plant  addi- 
tions, any  existing  fermentation  plant  can  be  adjusted  to  handle  any 
potential  raw  material. 

For  most  industrial  uses,  ethyl  alcohol  obtained  synthetically  from 
petroleum  or  other  sources  or  produced  by  fermentation  of  sugars 
derived  from  the  cellulose  of  wood,  likewise  can  be  used.  However, 
for  certain  industrial  uses  (as  cosmetic  ingredients,  for  example),  and 
for  others  mvolvmg  subsequent  internal  consumption  of  the  alcohol 
by  human  beings  (as  pharmaceuticals,  flavorings,  etc.),  alcohol  from 
nonfermentation  sources  may  meet  consumer  prejudice.  In  the  use 
of  alcohol  for  antifreeze,  general  chemical  manufacturing  operations, 
synthetic  rubber,  munitions,  or  motor  fuel,  distinctions  as  to  origin 
are  not  significant  technically  and  alcohol  from  any  source  may  be 
used. 

Extensive  use  of  potatoes,  fruit,  cane  sorghums,  citrus  wastes,  sugar- 
cane tops,  cacti,  and  wastes  from  starch  factories,  canneries,  and  the 
like  as  soiu-ces  of  industrial  alcohol  is  relatively  unlikely  in  normal 
times,  for  economic  reasons.  In  the  case  of  sulfite  pulp  mills,  and 
perhaps  in  other  instances,  the  effect  of  stream  pollution  laws  may 
cheapen  such  sugar  sources  to  competitive  levels,  when  waste  disposal 
costs  are  considered. 

FINANCIAL  ASPECTS  OF  ALCOHOL  PRODUCTION 
Plant  Costs 

Since  fermentation  alcohol  plants  usually  differ  from  each  other  in 
equipment  details  and  space  arrangements,  and  since  production 
teclmiques  vary  considerably,  no  wholly  accurate,  generally  applicable 
basic  investment  cost  can  be  formulated.  In  general,  plants  utilizing 
molasses  operate  on  a  comparatively  simple  process  and  require  less 
equipment  than  grain  plants;  grain  handling  and  byproduct  feed  recov- 
ery operations  ordinarily  being  omitted,  and  steam  requirements 
being  less.  Under  former  normal  price  scales, ^°  the  capital  investment 
cost  of  a  plant  that  used  molasses  only,  producing  10,000  gallons  per 

20  The  text  of  this  bulletin  has  been  prepared  during  a  period  when  labor, 
ec|uipment,  building,  and  raw  material  costs  are  inordinately  high.  Such  costs 
eventually  may  decrease,  but  the  future  level  of  stabilization  is  a  matter  of  con- 
jecture. Since  the  available  data  on  which  conclusions  in  this  text  are  based 
were  derived  in  the  prewar  and  early  wartime  periods,  the  general  levels  thus 
indicated  have  been  considered  as  normal  conditions,  in  contradistinction  to  pre- 
sent conditions,  which  are  considered  to  be  abnormal.  Therefore,  the  normal 
values  used  are  not  realistic,  as  of  this  date,  and  must  be  adjusted  accordingly, 
now  and  in  the  future.  The  computations  might  have  been  made  at  levels  more 
nearly  approximating  present  conditions,  but  these  might  become  similarly  non- 
realistic  in  the  future.  As  an  example,  alcohol  prices  fell  from  around  75  cents 
per  gallon  in  October  1948  to  17  cents  in  February  1949.  Hence  it  has  seemed 
more  advisable  to  adhere  to  known  historical  price  levels,  as  a  basis.  Also, 
throughout  this  text,  it  has  been  the  intention  to  reflect  conservative  values, 
attainable  by  the  general  run  of  the  industry,  rather  than  high  (special  condition) 
values  obtainable  in  the  best  or  most  modern  plants. 
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day,  approximated  $50  per  wine  gallon  of  daily  output  of  190-proof 
alcohol.  Actual  investment  varied  from  $35  per  gallon  for  a  very 
simple  plant  to  $75  or  more  for  a  modern,  well-built  plant  fully 
equipped  with  instrument  controls  and  labor-saving  facilities.  Under 
present  conditions  the  costs  will  be  much  greater.  Over-all  costs 
decrease  proportionately  with  increase  in  output  capacity. 

It  has  been  estimated  {40)  that  former  plant  costs,  based  on  book 
value  of  undepreciated  buildings  and  equipment,  at  construction  or 
acquisition  costs,  exclusive  of  land,  averaged: 

Capital    cost    per 
wine-fiaUon    an- 
nual capacity  of   Annual  capacity 
95-perce/it  alcohol      {wine  gallons) 

Small  plants  (group  of  7) 20  cents___  1,  075,  500 

Medium  plants  (group  of  3) 10.8  cents _  9,  284,  100 

Large  plants  (group  of  2) 4.3  cents _  _        53,  000,  000 

This  computation  presumably  does  not  distinguish  between  grain 
or  molasses  plants,  and  may  include  both  types. 

Grain-using  industrial-alcohol  plants  ancl  distilled-spirits  .  plants 
of  similar  size  formerly  cost  from  $50  to  $150  per  w^ine  gallon  of  daily 
output.  The  lesser  figure  represents  old-style  plants  with  wooden, 
open-top  fermenters,  comparatively  simple  grain-milling  equipment, 
open  mash-tub  (atmospheric  pressure)  cooking,  and  the  recovery  of 
spent-grain  screenings  only.  The  higher  figure  represents  a  modern 
distilled  spirits  plant  featuring  controlled  milling  with  grain  deger- 
mination,  pressm^e  cooking,  recovery  of  high-grade  alcohol  in  higher 
concentrations,  and  complete  recovery  of  fermentation  byproducts. 
Such  a  plant  would  be  extensively  equipped  with  instrument  controls, 
would  be  largely  automatic  in  operation,  and  would  possess  adequate 
control  and  research  laboratories.  In  distillery  construction  a  con- 
siderable amount  of  additional  expense  is  represented  by  the  w^are- 
houses  required  for  storing  and  aging  spirits  and  by  facilities  for  pack- 
aging in  glass.  These  are  not  needed  for  industrial  alcohol  production. 
Under  normal  conditions  it  is  believed  that  a  satisfactory  industrial 
alcohol  (grain)  plant  of  this  size  probably  could  be  built  for  approxi- 
mately $100  per  gallon  of  daily  output.  It  may  be  possible  to  reduce 
costs  in  future  years  through  plant  simplification.  Plants  of  larger 
capacities  cost  progressively  less. 

A  break-down  of  the  cost  of  a  new,  large,  modern  alcohol  (grain) 
plant  built  in  1943-44  under  wartime  conditions  at  Government  ex- 
pense, is  sho^\Ti  in  table  7.  This  table  indicates  approximately  the 
relative  expenditures  for  various  plant  essentials,  on  a  percentage 
basis. 
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Table  7. — Percentage  of  costs  of  modern  industrial  alcohol  plant 


Item  Percentage  of  total  cost  ' 

Percent 

Land,  improved 0.  66 

Buildings  (all) 36.  13 

Building  installations  (nonmechanical) 3.  83 

Leasehold  improvements,  services 4.  72 

Contractors  and  architects  fees,  etc 7.  96 

Total  for  nonequipped  plant 53.  30 

Machinery  and  equipment  (partly  installed) 36.  30 

Installation  expenses,  additional 9.  52 

Tools,  etc •  42 

Furniture  and  fixtures .  32 

Laboratory  and  testing  equipment .  14 

Total  for  equipment 46.  70 

'  To  the  extent  that  individual  processing  steps  can  be  identified,  the  cost  of  the 
drier  house  of  the  plant  represented  37.0  percent  of  the  total  investment  and  the 
boiler  house  represented  22^7  percent  (3,500  hp.). 

Further  analysis  reveals  the  following  over-all  summaries: 

Over-all  investment  cost  per  dailv  ^^ine  gallon  of  alcohol  out- 
put  ' S77.  00 

Over-all  investment  cost  of  boiler  facilities  per  boiler  horse- 
power         175.  00 

Over-all  investment  cost  of  dry  house,  per  daily  ton  of  feed  pro- 
duced (including  proportionate  share  of  boiler  costs) 9.  110.  00 

Over-all  nominal  installed  steam  capacity,  per  bushel  of  grain 

processed 220  pounds 

In  normal  times  this  plant  presumably  might  have  been  erected  for 
approximately  70  percent  of  the  actual  cost.  The  boiler  plant  expense 
was  relatively  very  high,  owing  to  special  conditions.  Since  this 
plant  represented  an  output  capacity  of  perhaps  four  times  the  plant 
size  previously  considered  herein  as  average,  the  investment  saving 
owing  to  increase  of  size  is  clearly  indicated. 

Equipment  Requirements 

Building  and  equipment  requirements  for  alcohol  plants  can  be 
listed  generally  as  follows.  This  hst  must  be  modified  to  fit  individual 
circumstances  in  any  specific  case.  Great  latitude  exists  as  to  the  use 
of  smaller  supplementary  items  (pumps,  control  instruments,  etc.), 
hence  it  is  impractical  to  list  these  in  detail. 

ALCOHOL-PLANT  EQUIPMENT  REQUIREMENTS 

Railroad  facilities:  Sidings,  docks,  track  and  truck  scales. 

Raw  material  handling:  Unloading,  weighing,  cleaning, ^  storing,  conveying. 

Huildiiigs: 

Ofliccs. 

Repair  shops. 

Locker  rooms,  first-aid  room,  watchmen's  gate  house,  etc. 

Pumphouses. 
Services:  Water,  sewers,  etc. 


hen; 

COOK 


FUSEL  OIL 
40-Gal. 


POTATOES 
840,000  Lb. 
14,000  Bu. 


CORN 

206,080  Lb 

3,680  Bu. 


WASHER, 

STONE  REMOVER, 

ELEVATOR 


MOLASSES 
(Blackstrap) 
23,000  GaL 


MALT 
10,000  Lb. 

COOLING  DEVICE 

YEAST 
3,600  Gal. 

MASH 
100,000  Gal. 

CARBON  DIOXIDE 
60,000  Lb. 

■ 

COOLING  DEVICE 


CARBON  DIOXIDE 


P 


SOLIDS 
RECOVERY 
SCREEN 


95%  ALCOHOL 
To  Storage 
10,000  Gal. 


_L_, 


I  EVAPORATOR  i 
I  (Possibly  1 
iUneconomical) 


ANHYDROUS  COLL 


STORAGE 

ANHYDROUS  ALCOHOL 

9,500  Gal. 


STOCK  FEED' 
50,000  Lb. 

(Total) 


t 

REFINING  COLUMN 
500  Gal. /Hr,  Output 

i 

FUSELOIL 
40-50  Gal. 

95%  ALCOHOL 
To   Storage 
10,000  Gal. 

ANHYDROUS    COLUMN 

STORAGE 

ANHYDROUS   ALCOHOL 

9,500  Gol. 

SOLIDS- 
RECOVERY 
SCREEN 


95%  ALCOHOL 
To  Storage 
10,000  Gal. 


ANHYDROUS  COLUMN 


Dried  Solubles         Light  Grains 

[  1 


(DorkGrains) 
STOCK  FEED* 
78,000  Lb. 


STORAGE  STOCK  FEED' 

ANHYDROUS  ALCOHOL  50,000  Lb. 

9,500  Gal.  (Variable) 


i   15  Percent  Ferr 


10  Percent  Mois 


Figure  1. — Conventional  alcohol  process 
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Boiler  plant  (to  be  physically  separate  from  all  other  buildings) : 

Fuel  and  ash  handling. 

Condensate  return,  feed  water  heaters. 

Water  treatment. 

Control,  recording  instruments,  and  accessories. 

Dynamo,  air  compressor,  meters,  motors,  s^yitchboards. 
Fermenting  (all  stages  may  be  housed  in  one  building) : 

Grain  milling.^ 

Cooking  apparatus.^ 

Malt  (or  other  saccharifying  agent)  preparation. ^ 

Yeast  preparation  units. 

Mash  coolers. 

Fermentation  vessels. 

Drop  tubs  (beer  wells). 

Carbon  dioxide  scrubber. 

Hot  water  storage  (reuse). 

Mash  pumps. 
Distilling  (much  equipment  might  be  located  in  the  open,  with  controls  housed 
in   single   building.     This  depends   on  prevailing  outside  temperature  and 
other  conditions) : 

Beer  and  slop  pumps. 

Beer  column  and  condensers. 

Aldehyde  or  "heads"  column. 

Rectifying  column. 

Stripping  column  (optional). 

Anhydrous  column  (if  desired). 

Accessories,  control  panel,  recording  meters,  etc. 

Process  tanks  (alcohol). 
Alcohol  storage  (bonded  warehouse,  to  be  physically  separated  from  distillation 
plant.     Reserve  tanks  may  be  located  in  the  open):  Alcohol  scales,  pumps, 
etc. 
Stillage  recovery  i  (in  separate  building) : 

Screens. 

Presses, 

Driers  (inclined  rotary  type,  preferablj^  steam  heated,  for  screenings). 

Evaporator. 

Sirup  storage  tank 

Mixing  device  (to  combine  sirup  and  dried  screenings  for  redrying — to  produce 
dark  grains). 

Drum  or  spray  driers  for  evaporating  sirup  (alternative  to  mixing). 

Pumps. 

Recorders,  accessories. 

"Grains"  bins. 

Bagging  chute. 

Scales. 

Stillage  tanks. 
Control  laboratoes,  yeast  laboratories. 
Denaturing  plant    (to  be  physically  separate  from  distillation   plant) :  Storage 

tanks,  scales,  pumps. 
Storage  space,  for  drums  or  cans  (new  supply). 
Loading  docks. 

1  Items  not  needed  for  molasses  plants.  Usually  no  stiUage  recovery  equip- 
ment is  included  in  such  plants,  and  boiler  plant  capacity  is  less  than  for  grain 
plants. 


Flow  diagrams,  showing  approximate  quantities  of  material  and 
capacities  of  equipment  for  three  comparable  plant  processes  are 
shown  in  figure  1.  These  diagrams  are  based  on  the  processing  of 
white  potatoes,  corn,  and  molasses.  They  show  variations  in  amounts 
of  necessary  raw  material,  required  general  equipment,  and  products 
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of  the  three  basic  materials,  for  an  identical  production  of  10,000 
gallons  of  190-proof  alcohol  per  day.  Assumptions  made  in  this 
computation  are  related  to  the  usual  commercial  raw  materials  and 
practice,  but  may  not  necessarily  fit  the  conditions  for  any  specific 


Fic.i  UK  2. —Grain  luiiuiling  and  milling  (Hiuii)inent. 
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plant.  Relative  steam  requirements  can  be  deduced  by  inference 
from  the  procedures  indicated. 

Types  of  equipment  and  suitable  method  of  arrangement  are  illus- 
trated in  figures  2  to  6  inclusive,  which  show  views  of  the  alcohol- 
production  pilot  plant  erected  at  the  Northern  Regional  Research 
Laboratory,  Peoria,  111.  This  plant  has  a  capacity  for  processing 
about  200  bushels  of  grain  daily,  yielding  around  500  gallons  of 
anhydrous  alcohol.  It  will  be  noted  that  the  plant  utilizes  gravity 
flow  systems  wherever  possible. 

Figures  2  and  3  show  the  grain  receiving,  elevating,  milling,  cooking, 
and  fermenting  systems.  Equipment  for  two  stages  of  yeast  prepara- 
tion also  are  visible  (upper  floors,  to  right  of  cooker,  fig.  3).     The 


Figure  3.— Cooking,  yeasting,  and  fermenting  equipment, 
84-2166°— 50 7 
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grain  handling  equipment  (to  the  left  in  fig.  2)  is  linked  together  by 
automatic  controls  so  that  the  entire  system  stops  as  a  unit  if  trouble 
occurs  anywhere  in  the  system.  Cooking  may  be  done  by  the  ordinary 
batch  and  pressure  method  (horizontal  cooker,  second  floor,  fig.  3),  or 
in  the  Henze  pressure  cooker  (cooker  Xo._2,  fig.  2)  apphcable  particu- 
larh^  to  handling  potatoes.  Continuous-jet  pressure  cooking  methods 
can*^  also  be  utilized,  but  equipment  is  not  shown.  Atmospheric 
cooking  may  also  be  done  in  the  pressure  cookers,  therefore,  this 
plant  is  not  provided  with  the  open  mash  tuns  ordinarily  used  by  cer- 
tain older  plants.  The  malt  slurry  and  reuse  stillage  and  the  yeast 
are  run  by  gravity  to  cookers  and  fermenters,  respectively. 

Figure  4  shows  the  distilling  apparatus.     Fermented  mash  (beer) 


Figure  4. — Distillation  equipment. 

from  the  fermenters  is  pumped  to  the  top  of -the  left  hand  (beer) 
cohimn,  free  steam  being  blown  upward  through  it  as  the  liquid 
descends.  Weak  alcohol  vapors  issue  from  the  top  of  this  column 
and  pass  to  the  large  (middle)  column  where  aldehydes  are  removed 
through  the  top   (horizontal)   condenser.     The  refined,  concentrated 


p 


INDUSTRIAL    ALCOHOL 


51 


alcohol  vapors  pass  to  a  small  column  (hidden)  located  between  the 
beer  and  the  middle  column,  and  are  further  rectified  and  then  con- 
densed. The  cooled  alcohol  (at  95-  to  96-percent  concentration)  goes 
to  a  storage  room  located  behind  the  screen  partition  (rear  of  distilla- 
tion columns).  To  make  anhydrous  alcohol,  this  9o-pcrcent  alcohol 
subsequently  is  fed  to  the  right-hand  column  and  distilled  at  100  p.  s.  i., 
ether  being  continuously  added.  An  ether-water-alcohol  fraction  is 
continuously  distilled  off,  settled  in  a  small  tank  (shown  to  right),  and 
the  ether  distilled  off  bv  means  of  the  vorv  small  column  to  the  risrht 


Figure  5. — Residues  recovery  equipment. 

of  the  anhydrous  column.  Fusel  oil  is  recovered  from  lower  plates  of 
the  middle  (aldehyde)  column,  and  fractionated  in  a  small  column 
(hidden  behind  control  board).  All  weak  alcohol  fractions  from  any 
phase  of  the  process  are  returned  to  the  rectifying  column. 
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The  hot  (dealcoholized)  liquor  (stillage)  from  the  beer  cokimn  dis- 
charges from  the  pot  base,  passes  through  heat  exchangers,  and  is 
pumped  to  the  feed  recovery  section  of  the  plant. 

Figure  5  shows  the  feed  recovery  installation.  The  warm  stillage 
from  the  beer  still  heat  exchanger  is  pumped  over  the  inclined  screen 
situated  on  the  upper  floor.  Liquids  from  the  screen  are  collected  in 
a  wooden  tank  on  the  first  floor  (not  visible),  and  are  pumped  con- 
tinuously to  the  triple  effect  (Swenson)  evaporator  (foreground)  for 
concentrating.  Sirup  from  the  last  effect  is  pumped  to  a  sirup  storage 
tank  (upper  floor,  behind  screen  box) . 

Solids  from  the  screen  fall  through  a  rotary  (dewatering)  press 
(second  floor  behind  evaporator),  and  thence  to  an  inclined  tubular 
steam  drier  (first  floor,  behind  evaporator).  These  dried  solids  (so- 
called  light  grains)  can  be  blown  to  bins  on  the  second  floor  (behind 


Figure  6. — Drum  drier. 


evaporator).  These  dried  solids  can  be  dropped  through  a  mixer 
(first  deck,  not  visible),  where  sirup  from  the  storage  tank  ma}^  be 
added,  the  wetted  material  then  being  repassed  through  the  steam 
tube  drier  for  redrying.  This  product  is  known  as  dark  grains.  Alter- 
natively, the  sirup  from  the  storage  tank  can  be  dried  separately  on 
theclrum  drier  (fig.  6,  located  on  the  first  floor),  as  dried  solubles. 

This  plant  utilizes  the  conventional  equipment  usual  to  modern 
alcohol  plants.  It  was  designed  for  research  on  alcohol  production  on 
the  basis  of  conventional  practice,  so  that  the  data  obtained  would 
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be  easily  translatable  to  present  large-scale  equipment.  Practically 
every  piece  of  equipment  in  this  plant  is  well  provided  with  control 
instruments,  so  that  in  lieu  of  operation  of  the  entire  plant,  unit 
operations  for  each  item  of  equipment  may  be  studied. 

Patent  Situation 

Owing  to  the  age  of  the  industry,  most  basic  patents  on  the  alcoholic 
fermentation  and  distillation  processes  have  expired.  Patents  on 
specialized  equipment  usually  are  owned  by  the  equipment  manu- 
facturers and  purchase  of  such  equipment  ordinarily  carried  with  it 
the  right  of  use.  Patents  are  still  in  effect  on  anhydrous-alcohol  pro- 
duction methods,  but  some  of  these  will  expire  soon.  The  patent 
situation  seemingly  does  not  present  any  real  obstacle  to  operation 
or  expansion  of  the  industiy.  During  the  war,  originators  of  process- 
ing improvements,  which  perhaps  may  be  patented  eventually,  allowed 
free  use  by  all  producers  as  a  patriotic  gesture.  The  patents  covering 
production  of  synthetic  alcohol  might  constitute  effective  limitations 
on  such  production. 

Alcohol  Production  Costs 

The  cost  of  producing  alcohol  depends  on  the  location  of  the  manu- 
facturing plant;  the  design,  type,  and  degree  of  modernization  of 
equipment;  the  kind  of  raw  material  used;  the  price  paid  for  the  raw 
material;  the  relative  labor  costs  represented;  the  scale  of  production; 
the  level  of  recovery  and  returns  obtainable;  and  the  total  investment. 
It  should  be  emphasized  that  no  definite  or  fixed  alcohol  cost  exists; 
costs  will  vary  between  similar  plants,  and  even  from  day  to  day  in 
the  same  plant.  Operation  costs  have  fluctuated  widely  during  recent 
years.  It  was  estimated  that,  under  the  conditions  which  existed 
about  1938,  the  plant-operating  (conversion)  cost  of  producmg  a  gallon 
of  9 0-percent  alcohol  from  blackstrap  cane  molasses  might  be  as  low 
as  3  to  4  cents  per  gallon  (exclusive  of  raw  material)  for  a  unit  oper- 
ating at  the  highest  efficiency  and  producing  from  20,000  to  30,000 
gallons  of  alcohol  per  day.  Normally,  for  smaller  or  less  efficient 
operations,  the  cost  may  exceed  6  cents.  Computing  blackstrap 
molasses  at  the  5  cents  per  gallon  price  ordinarily  current  before  the 
war,  and  assuming  a  yield  of  1  gallon  of  99.o-percent  alcohol  from  2^2 
gallons  of  molasses,  the  operating  and  raw  material  costs  might  approx- 
imate 18)2  cents  per  gallon  of  alcohol  under  good  operating  conditions 
{15,  p.  52). 

"  The  net  operating  (conversion)  cost  of  producing  alcohol  from  corn 
in  economically  sized  plants  (10,000  to  20,000  gallons  daih^  capacity) 
for  normal  price  periods  might  be  estimated  {15,  p.  56;  34,  p.  14)  as 
ranging  ordinarily  between  7  to  13  cents  per  galllon.  This  is  based 
on  use  of  a  malt  percentage  of  8  percent  of  the  grain  mashed.  (Malt 
costs  may  represent  an  expense  of  5  to  11  cents  per  gallon  of  alcohol 
produced,  depending  on  the  percentage  used  and  the  current  malt 
price.)  Such  estimate  includes  ordinary  byproduct  feed  and  fusel  oil 
recovery  only,  as  offsetting  credits.  Assuming  acorn  price  of  45  cents 
per  bushel  delivered  at  plant  (possibly  representative  prewar  price 
for  grades  of  grain  used  in  distilling),  a  presumably  comparable  malt 
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price  of  $1  per  (34-pound)  bushel,  the  use  of  8  percent  of  malt,  a  yield 
of  2.5  wine  gallons  of  95-percent  alcohol  per  bushel,  and  a  net  credit 
value  of  16.25  cents  for  the  byproduct  feed  ordinarily  recovered  from 
each  bushel  of  grain, ^^  the  total  (net)  plant  operating  and  raw  material 
costs  of  alcohol  can  be  estimated  at  approximately  30  to  32  cents  per 
gallon,  in  plant  storage  tanks  (unsold,  without  profit).  Relative 
changes  in  alcohol  cost,  with  increasing  grain  prices,  are  indicated 
approximately  in  table  8. 


Table 

8.— B elation  of  alcohol  cost  to  grain  price  ^ 

Corn,  cost 
per  bushel 

Corn,  cost 

per  wine 

gallon  of 

alcohol 

Estimated 
comparable 
malt  cost 
per  gallon 
of  alcohol 

Total  raw 
material 

cost 
per  gallon 

Estimated 

net  cost 

of  alcohol 

(calculated 

values) 

Dollars 

0.56 

.65 

.85 

1.00 

1.  25 

1.  55 
2.00 

2.  50 

Cents 
20.60 
23.98 
31.  23 
36.77 
46.00 
57.02 
73.  60 
92.20 

Cents 

7.2 

7.2 

9.0 

9.0 

10.  8 

10.8 

12.0 

12.0 

Cents 
27.80 
31.  18 
40.  23 
45.77 
56.80 
67.  82 
85.  60 
104.  20 

Cents 
34.04 
36.26 
42.  16 
46.  10 
53.  41 
59.74 
69.84 
79.40 

*  Use  of  92  percent  corn,  8  percent  malt  assumed,  all  values  on  sliding  scale. 

These  estimates  do  not  include  sales  costs,  packaging  expense, 
freight  allowances,  or  costs  of  subsequent  denaturing.  Profits  to  the 
producer  and  retailer  and  general  corporation  overhead  must  be  added, 
to  determine  the  price  per  gallon  to  the  consumer.  These  figures  are 
merely  typical  and  will  vary  with  conditions.  Cost  figures  reported 
in  the  past  have  varied  greatly,  particularly  since  some  companies 
separate  certain  overhead,  management,  byproduct  recovery,  or 
supervision  cost  items  from  actual  plant  operating  costs,  so  that  the 
apparent  conversion  costs  are  lower  than  reality.  Also  in  some 
computations  (22)  the  costs  have  been  based  on  denatmed  alcohol 
rather  than  on  straight  alcohol,  thus  deriving  credits  from  denaturing 
operations.  During  the  past  few  years  operating  costs  have  increased 
notably,  particularly  for  labor.  In  the  case  of  grain,  with  high  percent- 
ages of  recovery  of  products  and  byproducts,  good  market  returns, 
and  low  cost  operation,  the  returns  from  the  byproducts  conceivably 
might  equal  the  entire  production  cost  (exclusive  of  raw  material)  as 
a  general  optimum.  However,  it  is  doubtful  if  this  has  been  achieved 
heretofore,   except  for  short  periods  under  very  favorable  cu'cum- 

21  Byproduct  feed  values  and  malt  costs  will  vary  with  changes  in  grain  price 
levels.  .Mthough  the  grain  and  malt  prices  used  seemingly  are  low,  if  alcohol 
sales  values  were  to  staljilizc  at  about  the  indicated  level,  these  grain  values  may 
represent  the  economic  limitation. 
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stances.  At  high  recovery  levels  and  good  prices,  the  value  of  the 
byproducts  ordinarily  should  be  sufficient  to  offset  practically  all 
plant  operation  costs  exclusive  of  general  overhead  (which  usually 
approximates  2  to  3  cents  per  gallon).  Very  large  plants  can  achieve 
significant  reductions  in  gallon  cost,  particularly  for  general  expenses, 
as  a  result  of  large  output.  Recovery  of  corn  oil,  carbon  dioxide,  etc. 
can  reduce  over-all  costs,  at  times. 

The  size  of  the  plant  and  amount  of  production  will  have  a  definite 
bearing  on  cost  of  operation.  Alcohol  production  costs  tend  to  in- 
crease as  the  total  production  decreases.  In  general,  the  conversion 
costs  for  plants  of  relatively  small  output  (2,500  to  6,000  gaUons  per 
day)  have  ranged  from  perhaps  2  to  10  cents  per  gallon  above  those  in 
very  large  plants.  This  is  in  part  because  of  relatively  higher  over- 
head costs  per  gallon,  and  also  because  existing  smaller  plants  fre- 
quently are  of  older  construction  and  often  lack  proper  facilities  and 
organization  to  obtain  high  yields  or  efficient  operation.  A  new^  plant 
of  modern  type,  even  though  of  relatively  small  output,  might  com- 
pete on  production  costs  more  successfully  if  the  proper  design  and 
organization  are  provided.  A  certain  amount  of  general  overhead 
(supervision,  chemical  and  bacteriological  plant  control,  etc.)  is 
essential  to  achieve  efficient  operation.  Instrumentation  necessary 
to  such  control  increases  capital  costs.  Other  overhead  items  such 
as  taxes,  sales  expenses,  contributions,  etc.  likewise  must  be  met.  If 
the  plant  output  is  small,  the  per  gallon  expense  of  this  overhead  runs 
proportionately  higher.  If  adequate  supervision  and  control  are  not 
provided,  yields  are  likely  to  suffer. 

A  daily  output  of  2,000  wine  gallons  seemingly  might  represent  a 
mmimum  operation  unless  special  favoring  conditions  exist,  for  exam- 
ple, when  part  of  the  costs  can  be  charged  to  other  manufacturing 
operations.  At  the  other  extreme,  plants  producing  20,000  to  30,000 
gallons  per  day  can  carry  considerable  overhead,  even  including  social 
services  (cafeterias,  pensions,  etc.)  and  yet  the  total  charge  incurred 
per  gallon  is  relatively  small.  The  large  plant,  however,  while  far 
more  economical  of  operation — when  actually  operating — is  at  a 
corresponding  disadvantage  under  reduced  or  suspended  operation, 
and  it  may  require  a  larger  sales  organization  because  of  the  necessity 
of  entering  markets  over  a  wide  area.  Continuance  of  material  supply 
is  usually  a  greater  problem  for  the  large  plant,  which  must  operate 
over  a  much  greater  raw  material  supply  radius.  Hence,  operations 
based  on  a  relatively  local  supply  of  raw  material  or  on  local  sales  out- 
lets must  be  geared  to  a  proper  relationship  of  such  supplies  and  mar- 
kets. A  plant  of  10,000  gallons  per  day  minimum  output  has  been 
considered  herein  as  representing  a  reasonable  compromise  among  all 
the  factors,  for  purposes  of  this  discussion. 

A  tentative  general  itemization  of  processing  costs  for  a  complete 
grain-using  plant  is  shown  in  table  9.  Variations  from  the  cost  figures 
shown  may  be  expected,  and  the  net  final  cost  of  the  alcohol  may  vary 
as  much  as  5  cents  or  more  per  gallon  from  the  computed  values  shown. 
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Table  9. — Processing  cost  of  producing  alcohol  from  corn  ^ 

[Basis  10,000  gallons  of  95-percent  alcohol  per  day  for  300  mashing  days  per  year, 
or  3  million  gallons  per  year.  Required:  1,104,000  bushels  corn  and  158,180 
(34-pound)  bushels  malt.  Plant  cost  assumed  to  be  $850,000.  Total  grain 
and  malt  used — 4,000  (56-pound)  bushels  per  day,  6  days'  operation  per  week] 


Item 


Plant  overhead,  depreciation,  property  taxes,  bonds, 
licenses,  insurance,  social  security,  workmen's  com- 
pensation, et;  — 

Salaries  (management,  office,  laboratory — 17  persons). 

Labor,  plant  and  maintenance  (60  men) 

Office  expense,  laboratory  operation,  freight  and  dray- 
age,  donations,  miscellaneous 

Water,  electricity,  fuel,  fire  protection,  etc 

Chemicals  and  supplies,  maintenance  materials 


Actual  conversion  (manufacturing)  expense  (including 

dryhouse  operation  and  shipping  labor) 

8  percent  malt  at  $1  per  (34-pound)  bushel 


Total  cost,  exclusive  of  corn 

Less  credit  for  feed  byproducts  (full  recovery)  per  gal- 
lon (6.5  pounds  at  1.5  cents  per  pound,  net)  plus  0.37 
cent  for-  fusel  oil 


Over-all  net  conversion  cost  (excluding  corn) 
Add  for  profit  and  contingencies 


Annual 
cost 

Cost  per 
gallon 

Dollars 
153,000 
61,  600 
150,  000 

30,  000 
75,  000  i 
30,  000 

Cents 
5.  10 
2.  05 
5.  00 

1.  00 

2.  50 
1.  00 

499,  600 

3  158,  100 

... 

2  16.  65 
5.27 

657,  700 


21.  92 


10.  12 


11.  80 
4.  20 


Total  cost,  for  conversion  and  profit. 


16.  00 


1  Tentative  estimate,  realistically  based  on  a  theoretical  plant,  small-town 
location,  semiujiion  scale  {circa  1942).  Practically  all  of  the  separate  cost 
items  will  vary  with  local  conditions.  With  advantageous  conditions,  actual 
production  for  the  same  labor  organization  might  be  considerably  increased  by 
relatively  small  increases  in  capital  investment  to  provide  essential  equipment. 
With  equipment  of  very  modern  design,  including  some  automatic  control  features, 
savings  of  several  cents  a  gallon  might  be  possible  through  reduction  in  labor  and 
supervision  costs.  Recovery  of  carbon  dioxide  and/or  corn  oil  might  provide 
additional  credits  of  1  to  5  cents  a  gallon.  All  sales  or  shipping  costs  (except 
labor)  must  be  added,  as  well  as  any  general  office  overhead.  Actual  feed  by- 
product values  will  vary  with  grain  prices. 

2  These  costs  will  be  relatively  stable  for  any  plant,  all  other  costs  will  vary 
widely. 

3  Malt  ordinarily  is  considered  as  raw  material,  since  some  alcohol  is  produced 
therefrom.  It  is  shown  here  as  a  conversion  cost  item,  to  emphasize  the  significant 
added  cost  which  might  be  saved  in  part,  by  perfection  and  substitution  of  other 
saccharifying  agents.     Malt  cost  will  vary  with  grain  cost  levels. 


Yields 

Methods  of  computation  of  the  probable  yields  of  alcohol  and  by- 
products from  various  materials  are  based  on  the  folio wino-  data: 
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Carbohydrates  break  down  under  fermentation  according  to  the 
general  chemical  equation — 

CJI,20,=2  CH3CHoOH-h2  CO2 

(carbohydrate)  (alcohol)  (carbon  dioxide) 

180  92  88 

(molecular  equivalents) 

This  means  that  180  pounds  of  carbohydrate  theoretically  should 
yield  92  pounds  of  alcohol  and  88  pounds  of  carbon  dioxide  gas.  In 
the  case  of  molasses,  or  any  substance  contaming  only  sugars,  the 
theoretical  yield  of  alcohol  is  0.511  pound  for  each  original  pomid  of 
invert  sugar  present,  or  0.538  pounds  of  alcohol  for  each  original 
pound  of  sucrose.  For  starch  the  theoretical  yield  of  alcohol  will  be 
0.568  pound.  Differences  m  theoretical  yields  are  owing  to  the  fact 
that  higher  carbohydrates  take  on  water  in  hydrolysis,  yielding 
slightly  greater  amounts  of  simple  sugars.  In  actual  practice,  the 
efficiency  of  conversion  to  alcohol  usually  is  only  about  85-88  percent 
from  starch  and  90-92  percent  from  sugar,  the  remamder  of  the 
fermentable  material  either  being  recovered  as  byproduct,  or  lost. 
Hence,  if  the  chemical  analysis  of  any  given  raw  material  is  available, 
the  potential  products  can  be  computed  with  reasonable  accuracy. 

Carbon  dioxide  production  can  be  estimated  as  follows:  1,000  wine 
gallons  of  anhych'ous  alcohol  (6.610  pounds)  produced  from  glucose, 

for  example,  theoretically  will  also  yield  ^'  ,       or  6,325  pounds  (3.16 

tons)  of  gas  as  a  byproduct . 

Byproducts  of  the  fermentation  process,  such  as  feeds,  represent 
the  unferniented  residue  of  the  original  raw  material  (from  which  only 
starch  and  sugar  theoretically  are  removed  by  the  fermentative 
action),  plus  the  products  from  the  gro^vth  of  yeast  in  the  solution 
and  the  chemicals  added  for  yeast  stimulation. 

Corn,  for  example,  although  showing  some  differences  among  varie- 
ties, and  for  various  years,  may  be  assumed  to  have  an  average  (com- 
mercial grade")  composition  about  as  follows:  ^^ 

Composition  of  corn 

19^1  crop,  1947  crop, 

Constituent  percent  percent 

Starch 60.70  61.70 

Free  sugar 1.51  1.77 

Protein 9.32  8.86 

Fat  (oil) 3.85  3.70 

Fiber  (bv  difference) 9.95  8.72 

Ash 1 L  17  1.25 

Moisture 13.  50  14.  00 

Therefore,  a  56-pound  (distillers')  bushel  ordinarily  may  contain 
approximately  34  pounds  of  starch,  0.8  pound  of  sugar,  5.2  pounds  of 
protein,  2.2  pounds  of  oil,  7.5  pounds  of  moisture,  and  6.3  pounds  of 
fiber,  ash,  and  other  chemical  constituents  related  to  the  plant  struc- 
ture. Varieties  sho\\'ing  higher  starch  content  usually  represent 
better  maturity  and  may  have  the  remaining  percentages  correspond- 

22  Average  of  No.  2  vellow,  received  at  markets  (Iowa,  Nebraska,  Minnesota, 
lUmois,  and  Ohio)  in  1941  and  1947. 
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ins^ly  lowered  or  changed.     Other  grains  have  similar  general  composi- 
tion but  differ  in  the  precentage  of  each  constituent. 

Alcohol  yields  usually  being  in  direct  relation  to  starch  content, 
the  potential  yields  are  shown  in  table  10. 

Table  10. — Alcohol  yields  from  grain  ^ 


Starch  in 
grain  (as 
received) 

Starch  per 
bushel 

Alcohol  per 
bushel  (the- 
oretical) 

Alcohol  per 
bushel 
(theoreti- 
cal) 

Alcohol,2 
basis  90- 
percent  re- 
covery 

Pet. 

Lb. 

Lh. 

Wine  qal. 

^yine  qal. 

65 

36.40 

20.  67 

3.  127 

2.  81 

64 

35.  84 

20.  36 

3.07 

2.  77 

63 

35.28 

20.  04 

3.  05 

2.  72 

62 

34.  72 

19.  72 

2.  98 

2.  68 

61 

34.  16 

.    19.  40 

2.  91 

2.  63 

60 

33.  60 

19.08 

2.  86 

2.  59 

59 

33.04 

18.  76 

2.  81 

2.  55 

58 

32.  48 

18.  45 

2.  76 

2.  51 

57 

31.  92 

18;  13 

2.  72 

2.47 

56 

31.  36 

17.  81 

2.  67 

2.  42 

55 

30.  80 

17.  49 

2.  62 

2.  38 

53 

29.  78 

16.  85 

2.53 

2.30 

^  Standard  distillers'  bushel  of  56  pounds.     ^  Anhydrous  alcohol  basis. 


Apparent  recoveries  of  residuals,  as  computed  from  representative 
analyses  of  various  grains,  should  be  about  as  shown  in  table  1 1 . 

Table  11. —  Unfermentable  residues  from  grain  ^ 


Material 


Probable  per- 
cent original 
grain  unfer- 
mentable 


Probable  min- 
imum amount 
per  56-pound 
bushel  (dry 

basis) 


Wheat 

Corn 

Buckwheat 

Grain  sorghum. 

Barley • 

Rye 

Oats 

Sweetpotatoes. 
White  potatoes 

Sugar  beets 

Apples 


Pereeni 
26. 
22. 


25.  0 


24. 
32. 
27. 
42. 

4. 

3. 


5.  0 
2.0 


Pounds 

15.  05 

12.  5 

14.  0 

13.  7 
18.  1 

15.  15 
23.  7 

2.  58 
2.  13 
2.  8 
1.  12 


'  Jacobs  and  Newton  (1.5,  table  3). 
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These  percentages  will  vary  among  grain  varieties,  and  are  only 
approximations,  representing  the  sum  of  the  known  constituents 
which  are  presumed  to  remain  unfermented.  The  amounts  will  be 
increased  by  the  yeast  substances  present,  as  well  as  by  unfermented 
carbohydrates  (dextrins,  which  may  amount  to  perhaps  10  percent 
of  the  starch,  or  3.5  pounds).  Also,  the  feed  is  sold  on  a  hydrated, 
and  not  on  a  dry  basis,  so  that  a  gain  of  around  10  percent  of  moisture 
usuall}^  is  achieved.  Residues  from  malt  employed  in  processing  also 
add  to  the  total.  For  example,  the  indicated  minimum  residue  for 
corn,  12.5  pounds  per  bushel,  represents  only  about  68  percent  of  the 
amount  ordinarily  obtainable.  Actual  recoverable  values  for  othc^r 
materials  would  be  increased  somewhat  similarly,  but  to  a  considerable 
lesser  degree  if  apples,  beets,  and  perhaps  potatoes  were  the  raw 
materials  used. 

Relative  Costs  of  Alcohol  From  Different  Farm  Crops 

The  yield  of  alcohol  and  byproducts  obtainable  from  various  farm 
crops  depends  on  the  character  and  composition  of  the  material  and  the 
efficiency  of  operation.  Properly  treated,  fermented  carbohydrate 
materials  when  distilled  may  yield  alcohol  at  relative  net  costs  some- 
what as  presented  in  table  12. 

An  average  rather  than  a  high  fermentable-matter  content  is  assumed 
in  this  computation,  since  the  materials  that  might  be  used  ordinarily 
for  industrial  alcohol  production  are  not  likely  to  be  the  highest 
market  grades.  The  computations  are  based  merely  on  the  assumed 
relative  carbohydrate  content  of  the  particular  commodity  plus  an 
estimated  conversion  cost,  with  estimated  byproduct  credit  allow- 
ances. Differences  in  transportation  costs  and  general  items  not 
ordinarily  included  as  processing  costs  are  not  considered.  Over-all 
fermentation/alcohol  recovery  efficiencies  of  about  85  percent  of 
theoretical  are  assumed,  since  this  might  represent  average  perform- 
ance at  most  plants,  on  such  materials. 

Table  12  indirectly  indicates  approximately  the  relative  price  levels 
(in  normal  times)  at  which  the  various  crops  must  be  obtained  if  they 
are  to  compete  in  alcohol  production.  Although  all  the  respective 
alcohol  costs  shown  are  greater  than  those  of  the  molasses  alcohol  used 
as  a  basis,  it  may  be  seen  that  the  prices  at  which  the  raw  materials 
are  computed  are  below  the  usual  market  prices  and  in  the  case  of 
potatoes,  for  example,  represent  cull  values  only.  In  order  to  produce 
alcohol  from  farm  crops  at  a  cost  equal  to  that  shown  for  molasses 
alcohol,  the  prices  paid  for  the  various  raw  materials  must  be  cor- 
respondingly reduced  unless  processing  costs  are  cut  or  byproduct 
values  are  increased. 
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Possible  Improvements  in  Alcohol-Processing  Methods 

In  the  past,  both  the  distiUed-spirits  and  industrial-alcohol  indus- 
tries have  employed  certain  common,  basic,  and  conventional  process- 
ing steps,  regardless  of  individual  plant  variations  owing  to  the  par- 
ticular equipment  used.  The  production  process  in  both  industries 
has  consisted  of  a  series  of  batch  operations,  so  arranged  that  a  con- 
tinuous flow  of  final  product  is  obtained.  In  the  distilled-spirits 
industry  experimentation  with  new  or  radically  dift'erent  methods  has 
been  limited  somewhat  by  desire  to  avoid  changing  any  distinctive 
characteristics  or  quality  of  the  product.  In  the  more  recentl}^  built 
plants  some  cost-saving  improvements  have  been  introduced  to  gain 
increased  plant  eflSciency,  but  few  changes  were  made  in  old  plants 
until  about  1944.  The  situation  in  the  pro'duction  of  industrial  alcohol 
usually  has  made  it  necessary  to  secure  highest  jnelds  at  lowest  cost. 
Latitude  in  operation  to  achieve  this  end  could  be  taken,  since  good 
distillation  equipment  usually  produces  a  satisfactory  mdustrial  prod- 
uct regardless  of  the  original  material  or  process  factors  used. 
Changes  in  this  industry  were  restricted  by  the  prewar  market  situa- 
tion and  a  hesitancy  to  increase  investments.  Only  since  the  last 
years  of  the  war  have  any  considerable  changes  been  adopted. 

Since  a  continuous  flow  of  product  is  desired,  the  ideal  process  should 
be  based  on  a  continuous  flow  or  progression  of  the  materials  thi^ough 
the  plant,  rather  than  on  a  series  of  successive  batch  operations. 
Significant  economies  might  thus  be  achieved.  With  such  a  process 
the  entire  plant  might  be  reduced  to  the  equivalent  of  a  continuous 
pipe  line  in  which  the  successive  changes  would  be  wrought  on  the  raw 
and  semiprocessed  material  while  in  continuous  flow.  Since  about 
1944  several  significant  improvements  leading  in  this  direction  have 
been  adopted  commerciall3\  These  originated  in  the  beverage-alcohol 
industr}^,  since  grain  was  involved,  so  that  it  was  more  particularly  a 
problem  of  that  industry.  One  of  these  improvements  is  the  contin- 
uous cooking  method,  in  which  a  premixed  sluny  of  milled  grain  is 
contmuously  cooked  by  a  steam  jet,  the  cooked  material  continuously 
cooled,  and  malt  continuously  added  to  the  moving  material.  The 
conversion  of  starch  to  sugar  is  completed  m  the  fermenter.  This 
method  avoids  hold-up  of  flow  occasioned  by  use  of  batch-cooking 
equipment,  and  reduces  the  requirements  for  cooking  equipment 
significantly.  It  has  been  adopted  to  a  considerable  extent  m  both  the 
beverage  and  the  industrial-alcohol  industries  because  of  simplicity  of 
operation,  saving  of  time,  labor  requirements,  and  equipment  outlay. 
The  method  for  continuous  development  of  yeast  also  has  been  partly 
successful.  Since  the  grinding  of  grain  always  has  been  done  in  con- 
tinuous flow,  it  seems  that  alcohol  production  now  can  be  made  a  con- 
tinuous operation  through  all  process  stages  up  to  actual  fermentation. 

Although  there  has  been  considerable  experimentation  on  continuous 
fermentation,  certam  difficulties  have  precluded  successful  operation 
thus  far,  but  it  is  conceivable  that  this  problem  may  be  solved.  Since 
the  subsequent  alcohol-distiUation  and  stillage-recovery  steps  already 
are  continuous-flow  processes,  the  successful  operation  of  the  con- 
tinuous-fermentation step  might  permit  the  entire  process  to  attain 
the  pipe-line  ideal  previously  mentioned.     The  future  fermentation 
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alcohol  processing  plant,  therefore,  might  be  reduced  to  relatively 
smaller  space,  simpler  equipment,  and  lower  capital  requirements. 

The  starch-conversion  step  in  processing  grain  to  alcohol  is  of  great 
importance  and  has  been  studied  extensively  during  the  past  few  years. 
Much  information  has  been  developed  on  the  action  of  enzyme  sys- 
tems on  starch,  but  a  great  amount  of  fundamental  information  still  is 
needed.  Under  present  conversion  methods,  from  10  to  15  percent  of 
the  starch  or  other  carbohydrate  escapes  conversion  to  alcohol  and 
such  losses  have  significant  cost  importance.  A  certain  amount  of  the 
lost  carbohydrate  goes  to  yeast  cell  or  glycerol  production,  and  can 
hardly  be  avoided,  but  principally  the  loss  represents  unfermented 
starch.  Since  this  usually  is  recovered  subsequently  as  stock  feed, 
actually  the  significance  depends  upon  the  relative  value  of  feed  or 
alcohol. 

Theoretically,  the  change  of  starch  to  alcohol  involves  two  distinct 
phases;  first,  a  conversion  (saccharification  or  hydrolysis)  of  the  starch 
to  fermentable  sugars  by  enzyme  action  and  second,  a  change  of  fer- 
mentable sugars  to  alcohol  by  action  of  living  yeast  cells.  Yeasts  can 
convert  simple  (6-carbon)  sugars  and  certain  more  complex  disaccha- 
rides  (12-carbon  sugars)  such  as  maltose  and  sucrose  to  ethanol  and 
carbon  dioxide,  with  great  rapidity.  However,  yeast  cannot  utilize 
starch  or  dextrins,  hence  the  necessity  of  first  splitting  the  starch 
molecule  to  smaller  units  (fermentable  sugars)  by  suitable  procedures. 
Commercially  this  usually  is  accomplished  by  malt  (principally  barley 
malt)  which  contains  enzymes  of  the  type  required.  Rye  and  wheat 
malts  are  used  on  occasion.  Hydrolysis  of  starch  by  chemical  action 
is  possible,  but  because  of  certain  disadvantages  it  has  not  been  used 
commercially  in  grain  alcohol  fermentation.  Since  difficulties  arise 
from  present  hydrolysis  procedures  employing  enzymes,  the  alcohol 
fermentation  theoretically  might  be  improved,  but  the  whole  problem 
is  extremely  complex  and  progress  toward  solution  is  likely  to  be  slow. 
Some  of  the  complicating  factors,  as  well  as  means  suggested  for  solv- 
ing the  associated  problems,  are  worthy  of  discussion. 

The  starch  in  grain,  potatoes,  etc.,  is  not  of  uniform  chemical 
structm*e  but  consists  of  a  mixture  of  two  types  of  molecules:  (a)  an 
amylase  type  in  which  the  small  glucose  polymers  or  units  which  make 
up  the  large  starch  molecule  are  interconnected  in  a  linear  (straight 
chain)  arrangement,  and  (6)  an  amylopectin  type,  in  which  the  mole- 
cules are  in  a  branched  arrangement  (main  chain  with  branching  side 
chains).  The  distribution  in  grain  starch  (exclusive  of  'Svaxy" 
grains)  ordinarily  is  about  27  percent  amylose  and  73  percent  amylo- 
pectin. The  amylolytic  (starch-splitting)  enzyme  system  of  malt  also 
is  a  complex  of  at  least  two  enzymes,  alpha-  and  beta-amjlase ,  each  of 
which  has  a  somewhat  specific  but  difi'ering  action  on  the  two  types 
of  starch.  However,  the  enzymes  usually  are  present  in  malt  in 
quantities  that  are  mathematically  out  of  proportion  for  the  starch 
constituents,  if  considered  from  a  fermentable  sugar-producing  basis. 
It  is  not  possible  to  determine  accurately  the  actual  enzyme  percent- 
ages present  in  a  malt,  nor  is  the  mechanism  of  action  completely 
un(h'rstood.  The  processor  is  confronted,  therefore,  with  the  prob- 
lem of  employing  the  enzyme-complex  (malt)  source  in  such  a  man- 
ner that  the  most  economical  op(M-ations  are  attained,  the  quantities 
of  malt  employed  usually  being  limited,  because  of  cost,  to  8  to  10 
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percent  by  weight  of  the  total  grain  used.  Such  quantities  may  be 
inadequate  under  certain  conditions,  or  they  may  represent  an  un- 
desired  excess  of  beta  and  a  shortage  of  alpha  enzyme  for  the  require- 
ments for  converting  a  particular  starch  mixture  to  simple  sugars. 

Enzyme  degradation  of  starch  to  simple  sugars  may  be  considered 
as  a  series  of  reactions,  each  producing  progressively  smaller  carbo- 
hydrate units.  The  intermediate  products  of  partial  hydrolysis  of 
starch  are  known  as  dextrins.  Dextrins,  like  starch,  are  not  ferment- 
able by  yeast,  and  consequently  the  success  of  malt  conversion  be- 
comes in  part  a  problem  of  minimizing  the  amount  of  residual  dextrins 
formed  by  inducing  the  greatest  possible  hydrolysis  to  sugar.  Some 
dextrins  are  easily  hydrolyzed  to  sugar,  but  other  types  are  hydrolyzed 
at  a  very  slow  rate,  if  at  all,  during  the  fermentation  process.  Thus 
at  this  later  stage  the  rate  of  fermentation  is  slow  in  comparison  with 
the  earlier  rate  of  fermentation  of  the  main  sugar  supply.  While  this 
secondary  dextrin  hydrolysis  probably  is  accomplished  principally  by 
certain  agents  in  the  malt  enzyme  complex,  an  associated  action  of 
yeast  enzymes  may  be  involved. 

Malting  is  a  process  of  controlled  germination  of  grain,  in  the 
course  of  which  some  natural  enzyme  systems  of  the  original  grain 
are  increased.  Only  certain  varieties  of  barley  or  other  grain  are 
economically  suitable  for  the  malting  operation.  The  diastatic 
enzyme  system  of  barley  malt  consists  principally  of  (dextrinizing) 
alpha-  and  (saccharifying)  6efa-amylase.  The  quantities  of  each 
present  will  vary  in  amount,  and  in  respective  percentage,  for  different 
lots  or  varieties  of  grain.  In  addition,  malt  contains  traces  of  other 
enzymes,  the  functions  of  which  are  not  fully  understood.  Practically 
all  of  the  alpha-Siinjlsise  present  is  produced  during  the  malting  proc- 
ess, but  its  concentration  varies,  and  frequently  may  be  insufficient 
for  maximum  rates  of  starch  hydrolysis  and  fermentation  at  the  low 
percentage  of  malt  used  in  the  alcohol  process.  The  6eto-amylase  is 
a  natural  constituent  of  ungerminated  (barley)  grain  and  its  con- 
centration is  increased  during  malting,  but  to  a  lesser  degree  than 
that  of  alpha-SLinjlsiSG. 

The  two  enzymes  (amylases)  seem  to  have  different,  but  over- 
lapping, functions.  Stated  rather  generally,  a/^^/ia-amylase  seem- 
ingly can  attack  the  branched  chain  (amylopectin)  starch  fraction, 
principally  forming  dextrins  (so-called  alpha  dextrins  of  short  chain, 
six  to  eight  glucose  molecules  in  length) .  However,  it  also  can  break 
down  these  alpha  dextrins  to  sugars  to  some  extent  by  subsequent 
attack.  But  in  general  it  produces  dextrins.  Beta-nmylase  can 
break  these  alpha  dextrins  largely  to  fermentable  sugar  (maltose) ,  and 
also  can  attack  the  linear  starch  (amylose)  fraction  to  produce  sugar 
(glucose).  It  also  can  attack  the  branched-chain  starch  (amylopec- 
tin) to  some  extent,  seemingly  producing  alpha  dextrins  from  the 
branches  attacked.  Its  action  is  stopped,  however,  by  the  more 
complex  conformations  of  the  main  chain  and,  in  part,  some  more 
complex  {beta  or  limit)  dextrins  are  produced.  Since  all  these  actions 
occur  more  or  less  simultaneously  with  the  reactions  from  other 
enzymes  present,  the  results  are  difficult  to  assess  or  predict.  While 
the  alpha  dextrins  eventually  are  more  or  less  converted  to  sugar  and 
utilized,  the  beta  or  more  complex  dextrins  may  remain  largely  un- 
utilized.    Since  the  molecules  in  starch  are  predominately  amylo- 
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pectin  (or  branched  chain),  it  might  be  considered  that  the  relative 
amounts  of  alpha-  and  ftefa-am^dase  normally  existing  in  malt  are  out 
of  proportion  to  the  types  of  starch  present,  considering  possible 
action  thereon.  Laboratory  studies  by  the  Bureau  of  Plant  Industry, 
Soils  and  Agricultural  Engineering  have  shown  that  certain  increases 
in  starch  conversion  and  alcohol  formation  can  be  gained  by  increas- 
ing aljyha  activities  of  malt,  up  to  a  certain  level,  above  which  no 
great  influence  of  the  increased  a/^^Aa-amylase  is  evident.  Other 
enzyme  systems  may  be  involved.  However,  it  has  been  found  re- 
cently that  the  addition  of  additional  a/^/ia-amylase,  obtained  from 
sources  other  than  malt,  to  a  malt  conversion  mash,  achieves  a  reason- 
ably rapid  hydrolysis  of  the  starch,  particularly  representing  a  saving 
on  the  equipment/time  factor.  A  slightly  improved  dextrin  utiliza- 
tion ordinarily  is  attained. 

In  usual  alcohol  plant  practice,  grain  mash  is  saccharified  in  three 
successive  operations.  In  the  first,  a  small  amount  of  malt,  usually 
in  amounts  approximating  1  percent  by  weight  of  the  total  grain  bill 
(equivalent  to  about  10  percent  of  the  total  malt  used)  is  added  to 
the  grain  and  water  mixture  (slurry)  to  preliquefy  the  mash.  This 
step  frequently  is  referred  to  as  premalting.  It  is  important  because, 
during  cooking  (particularly  when  working  at  high  grain  concentra- 
tions, a  practice  commonly  employed  to  economize  steam)  in  batch 
processing,  the  grain  mashes  become  so  viscous  that  mixing  and  pump- 
ing operations  are  extremely  difficult.  Preliquefaction  accomplishes 
sufficient  degradation  of  the  starch  so  that,  upon  gelatinization, 
proper  flow  or  handling  characteristics  are  obtained.  Preliquefaction 
is  principally  a  clextrinization  reaction  accomplished  by  the  alpha- 
amylase. 

The  second  saccharifying  operation  starts  when  the  viscosity  of  the 
mash  slurry  is  reduced  sufficiently.  This  consists  of  thoroughly  cook- 
ing the  slurry  to  gelatinize  the  starch.  Generally,  cooking  is  accom- 
plished at  high  steam  pressure,  although  cooking  at  atmospheric 
pressures  is  practiced  in  some  older  plants.  Gelatinization  alters  the 
starch  structure  sufficiently  to  permit  more  rapid  and  complete  (sub- 
sequent) enzyme  hydrolysis.  After  the  cooking  operation  and  reduc- 
tion of  temperature  to  about  145°  F.,  as  a  third  stage,  the  bulk  of  the 
malt  is  added  to  accomplish  the  main  saccharification,  which  proceeds 
rapidly  at  first.  After  a  short  holding  period  (8  to  30  minutes)  the 
mash  is  cooled  to  about  78°  F.,  transferred  to  the  fermenter,  and 
inoculated  with  the  yeast  (procedures  vary).  Yeast  action  develops 
rapidly  and  a  vigorous  fermentation  (of  sugar)  ensues.  Later,  as  the 
available  sugar  becomes  largely  metabolized  into  alcohol  by  the  yeast, 
the  fermentation  rate  decreases  and  the  relatively  slow  and  incomplete 
degradation  of  the  dextrins  (into  sugar)  by  the  enzymes  present  then 
})ecomes  the  limiting  factor.  During  this  more  sluggish  stage  of 
fermentation  certain  contaminating  acid-forming  bacteria  that  un- 
avoidably arc  present  in  the  mash  have  an  opportunity  to  multiply 
and  to  utilize  sugar  in  competition  with  the  yeast.  The  titratable 
acidity  gi-adually  increases  and  the  pH  drops,  which  further  hind(M-s 
Ihe  dextrin  splitting  enzyme  activity  and,  in  turn,  limits  alcohol 
formation  by  the  yeast.  A  point  soon  is  reached  where  the  fer- 
ment a  (ion  becomes  ''dead,"  and  any  unconverted  dextrins  remain 
uinil  ilizcd. 
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In  attempting  to  overcome  such  factors  that  impair  the  full  utili- 
zation of  the  starch  in  grain,  research  workers  have  turned  to  other 
sources  of  amylolytic  enzymes  which  might  be  used  to  supplement  or 
replace  malt.  The  most  desirable  method  would  result  from  use  of 
enzymes  capable  of  rapid  and  complete  starch  and  dextrin  conversion 
direct  to  simple  sugars,  without  the  formation  of  residual  dextrins,  if 
these  can  be  found.  Certain  micro-organisms  offer  potentialities  as 
sources  of  enzyme  systems  of  applicable  type. 

Certain  molds  and  bacteria  produce  starch-hydrolyzing  enzymes, 
including  an  alpha-sunjluse  and  ''maltase,"  b eta-am jlnse,  however, 
usually  being  absent.  This  source  of  amylolytic  enzymes  from  the 
molds  is  now  being  studied  extensively.  Evidence  is  accumulating 
that  the  enzyme  maltase  plays  an  important  role  in  production  of 
fermentable  sugar  {12,  17).  It  appears  that  this  enzyme  system  may 
be  capable  either  of  hydrolyzmg  starch  directly  to  glucose  or  of 
degrading  dextrin  to  glucose  very  rapidly.  Thus,  the  end  product  of 
mold  enzymes  on  starch  differs  somewhat  from  that  achieved  by  malt 
action,  glucose  rather  than  maltose  essentially  being  produced.  Since 
both  of  these  sugars  yield  alcohol  in  equivalent  amounts,  this  may  not 
be  significant.  The  actual  value  of  the  mold  enzyme  may  depend 
on  its  ability  to  attack  dextrins. 

There  is  evidence  that  the  a/^^^a-amylases  produced  by  various 
micro-organisms  may  not  be  exactly  identical,  and  these  alpha-tjpe 
enzymes  may  dift'er  functionally  from  malt  aZ/j'Aa-amylases.  The  total 
variation  in  malt-enzyme  systems,  by  barley  varieties,  is  relatively 
smaller  than  the  range  of  possibilities  of  a/j^Aa-amylase  and  maltase 
ratios  oft'ered  by  the  many  microbial  species.  Therefore,  eventually,  it 
may  be  possible  to  isolate  mdividual  species  of  micro-organisms  which 
might  yield  the  necessary  enzymes  in  correct  proportions  for  any 
saccharifying  problem,  or  perhaps  the  action  of  several  species  might 
be  combined  to  attain  the  desired  results.  A  start  has  already  been 
made  by  the  discovery  that  the  amylolytic  enzyme  complex  from 
certain  micro-organisms  may  completely  replace  malt  in  the  saccharify- 
ing process  without  lowering  present  alcohol  yields.  Ordinarily,  this 
substitution  can  represent  a  saving  in  cost. 

The  use  of  microbial  amylases  for  certain  dextrinization  and  sac- 
charification  operations  is  not  new,  but  their  application  to  the  alcohol 
fermentation  has  been  revived  only  recently.  Some  commercial  proc- 
esses have  been  evolved  for  producing  microbial  enzyme  preparations 
for  certain  industrial  uses.  These  processes  prmcipally  utilize  varie- 
ties of  molds  such  as  members  of  the  genera  Aspergillus,  Rhizopus, 
and  Mucor,  and  bacteria  of  the  Bacillus  group.  Alolds  have  been 
used  by  Oriental  peoples  from  time  immemorial  for  the  conversion  of 
starch  into  food  and  beverage  products.  The  art  is  now  being  studied 
to  establish  a  more  scientific  basis  for  the  process. 

Thi*ee  different  procedures  that  employ  fungal  (mold)  amylases  have 
been  utilized  with  alcohol  fermentation.  The  oldest  of  these  is  the 
''amylo"  process,  developed  from  the  Oriental  starch  conversion 
methods  by  Calmette,  and  employed  in  France  as  early  as  1892-94. 
Amylomyces  (Alucor)  rouxii  was  cultured  aerobically  in  the  cooked 
grain  mash  until  saccharification  was  accomplished,  yeast  being  added 
subsequently  to  ferment  the  sugars  to  alcohol.  Later,  other  molds 
were  substituted.     This  process  never  attained  widespread  mterest  in 
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the  United  States  because  of  undesirable  features,  principally  the  long- 
time required  for  processing  and  the  serious  bacterial  contamination 
frequently  encountered  during  the  development  of  the  mold  amylase, 
which  lowered  the  alcohol  yields  appreciably.  Recently,  the  process 
has  been  revived  for  wheat  fermentation  in  Australia  (23)  at  the  Cowra 
distillery,  according  to  reports. 

Two  alternative  procedures  of  using  fungal  aniylase  have  been  de- 
veloped, both  of  which  overcome  the  serious  objection  to  the  amylo 
process  by  producing  the  amylolytic  preparation  prior  to  its  incorpo- 
ration in  the  grain  mash  (thereby  being  analogous  to  the  use  of  malt). 
Tlie  first,  investigated  in  the  United  States  as  early  as  1891  by  Taka- 
mine,  has  been  revived  recently  as  the  ''mold-bran  process,"  in  which 
Aspergillus  oryzae  is  cultured  on  moist  wheat  bran  until  maximum 
amylolytic  power  is  attained,  after  which  the  product  is  dried  and 
handled  much  the  same  as  malt.  This  product  contains  amylolytic 
enzymes  (principally  alpha)  in  greater  concentration  than  malt.  In 
alcohol  production  this  material  can  be  used  to  supplement  or  replace 
a  large  part  of  the  malt,  alcohol  yield  remaining  at  least  as  large 
while  less  original  enzyme  material  is  required.  Thus  a  more  eco- 
nomical saccharification  may  result  if  the  bran  is  not  too  expensive. 
However,  this  process  of  producing  mold  enzyme  has  at  least  one 
disadvantage.  The  low  heat-transfer  properties  of  bran  make  sterili- 
zation difficult,  so  that  bacterial  contammation  may  occur,  with 
consequent  loss  in  yields  of  desirable  enzymes.  Bacterial  contamina- 
tion is  also  a  disadvantage  in  using  malt. 

Another  procedure,  promising  perhaps  greater  economies,  has  been 
developed  recently  at  the  Northern  Regional  Research  Laboratory, 
wherein  fungi  such  as  Aspergillus  niger,  A.  oryzae,  or  certain  strains 
of  the  genus  Rhizopus  are  cultured  aerobically  under  submerged  con- 
ditions in  thin  stillage  from  the  alcohol  plant,  supplemented  w^ith  a 
small  amount  of  corn  meal  and  certain  chemicals  (17).  This  liquid 
amylase  preparation  may  be  used  to  supplement  malt,  and  it  has  been 
demonstrated  that  it  may  replace  malt  completely  without  sacrificing 
alcohol  yields.  However,  yields  are  not  significantly  increased,  nor 
arc^  operating  procedures  improved  greatly.  But,  since  the  thin  stil- 
lage is  returned  to  the  alcohol  process  in  the  subsequent  fermentation 
cycle,  the  material  cost  of  such  enzyme  production  is  limited  to  the 
small  amount  of  chemicals  utilized.  Inactive  plant  equipment  pre- 
sumably might  be  used  for  preparation  of  the  enzyme.  The  disad- 
vantages encountered  in  the  use  of  mold  bran  are  obviated  because 
sterilization  is  more  easily  accomplished  and  handling  is  reduced  to  a 
minimum.  Thus  the  inherent  economies  and  the  theoretical  sim- 
plicity of  the  process  indicate  attractive  potential  possibilities.  The 
comparable  employment  of  dry  distillers'  solubles,  in  lieu  of  original 
thin  stillage  in  this  process  has  been  advocated  also.  Preparation  of 
enzyme  material  at  an  alcohol  plant,  of  course,  increases  plant  and 
personnel  requirements  correspondingly.  Malt  ordinarily  is  purchased 
(fi-om  malsters)  by  distillers. 

A  procedure  whereby  the  naturally  occurring  starch  saccharifying 
enzymes  of  wheat  can  be  used  to  partly  replace  malt  in  wheat  alcohol 
fermentations  was  proposed  in  1944  and  patented  in  1948  by  Tucker 
and  Balls  (26).  This  process  is  based  on  liberating  the  natural 
enzymes  in  the  wheat  by  treatment  of  the  uncooked  grain  mash  with 
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sulfites.  Inherent  difficulties,  principally  as  the  result  of  the  widely 
variable  amylase  content  of  wheat,  have  limited  commercial 
application  thus  far. 

It  has  been  claimed  that  some  of  the  alcohol  losses  now  sustained 
by  failure  to  ferment  dextrins  to  alcohol,  are  owing  in  part  to  formation 
of  retrograded  products  from  starch  in  the  cooking  operation.  Pre- 
sumably the  retrogradation  occurs  after  gelatinization,  and  before  the 
addition  of  saccharifying  enzymes.  It  is  claimed  that  quick  cooling 
of  the  gelatinized  mash  through  the  temperature  range  of  180°-140°  F. 
can  avoid  this  retroaction.     This  possibility  is  now  being  investigated. 

Refermentation  of  stillage  by  fungal  agents  to  increase  amino  acid 
and/or  vitamm  values  in  the  byproduct  feed,  might  offer  a  means  of 
reducing  over-all  alcohol  costs  by  increasing  the  value  of  byproducts. 
xA.lso,  some  attempts  have  been  made  to  referment  stillage  to  recover 
alcohol  from  the  unfermented  pentose  sugars  present  in  the  residual 
grains  or  in  the  processing  wastes. 

Attempts  have  been  made  to  reuse  the  yeast  for  successive  fermen- 
tations. Since  the  yeast  cells  are  propagated  at  the  expense  of 
carbohydrate,  such  reuse  should  increase  alcohol  yields  by  an  equiva- 
lent degree.  In  grain  and  molasses  fermentation  plants  m  this  country 
the  yeast  is  not  reused  ordinarily.  In  the  reuse  process,  the  yeast  is 
allowed  to  settle  out  (as  m  brewery  processing)  or  is  centrifuged  from 
the  fermented  beer.  In  the  case  of  whole-grain  mashes,  the  yeast 
separated  from  the  beer  wiU  be  contaminated  by  the  unfermented 
grain  residue  and  the  reuse  becomes  relatively  impractical.  With 
molasses  or  granular  wheat  flour,  however,  a  relatively  clear  beer  is 
handled  and  yeast  separation  becomes  relatively  simple.  Chief 
hazards  of  reuse  lie  m  the  difficulties  of  preventing  bacterial  contami- 
nation and  in  maintaining  good  viability  in  the  yeast  cells.  Failure 
at  either  of  these  points  would  entail  lowered  alcohol  yields.  The 
process  currently  is  being  employed  commercially  in  the  production  of 
alcohol  from  waste  sulfite  liquor  and  it  has  been  proposed  for  the 
fermentation  of  molasses,  several  plants  in  Cuba  having  experimented 
thereon.  Significant  mcreases  of  alcohol  yield  are  claimed.  The 
process  permits  the  use  of  a  higher  concentration  of  yeast  cells  in  the 
mash,  thus  inducing  a  more  rapid  rate  of  fermentation,  and  it  is  par- 
ticularly desirable  with  solutions  of  low-sugar  concentration.  If  high- 
yeast  concentration  were  achieved  by  actual  growth  of  the  cells  in 
such  dilute  solutions,  then  the  carbohydrate  might  aU  be  expended  on 
yeast  growth  with  little  yield  of  alcohol. 

Byproducts  and  Their  Value 

The  prmcipal  chemical  byproducts  from  the  fermentation  of 
carbohydrates  to  alcohol  are  carbon  dioxide  and  fusel  oil,  which  may  be 
recovered  during  the  fermentation  and  distillation  steps,  respectively. 
^Vhen  corn  is  employed  as  the  carbohydrate  source,  corn  oil  may  be 
recovered  by  preseparation  and  treatment  of  the  corn  germ.  After 
fermentation  and  distillation  of  grain  mashes,  byproduct  feed  (dis- 
tillers' grains)  also  may  be  recovered  from  the  waste  stillage;  since 
only  the  starch  is  removed,  the  proteins  and  minerals  originally  present 
in  the  grain  remain  relatively  unattacked.  In  addition,  vitamin  values 
of  the  stillage  are  higher  than  those  of  the  original  grain,  while  protein 
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from  the  yeast  cells  also  is  recoverable.  Stillage  is  high  in  water- 
soluble  vitamin  content  and,  in  the  case  of  corn  stillage,  some  carotens, 
precursor  of  vitamin  A3  is  present. 

STILLAGE 

Aluch  development  has  been  achieved  in  the  past  few  years  on 
recovery  of  stillage.  Obtaining  greater  returns  from  the  unfermented 
material  present  in  these  often  wasted  residues  decreases  the  manu- 
facturing cost  of  the  alcohol,  particularly  in  grain-using  plants.  In 
the  prewar  period,  the  possible  recovery  of  values  from  the  stillage 
usually  was  not  wholly  exploited  (8),  this  being  true  especially  in  the 
industrial-alcohol  industry.  So  far  as  Imown,  only  one  molasses 
alcohol  company  has  consistently  made  recovery  of  stillage,  and  this 
perhaps  was  undertaken  primarily  as  an  effluent  disposal  measure  to 
avoid  stream  pollution,  since  the  recovery  expense  at  times  may  have 
exceeded  the  returns.  With  the  high  molasses  prices  existing  in  1947- 
48,  some  occasional  recovery  may  have  been  made  elsewhere  to  produce 
a  molasses  substitute,  suitable  for  incorporation  with  livestock  feeds. 

The  distilled-spirits  industry,  however,  made  considerable  prewar 
recovery  of  grain  residues  as  feed,  either  by  direct  feeding  of  stillage 
to  cattle  or  hogs,  or  by  screening  the  solids  from  the  stillage  and  drying 
them  for  sale,  in  most  instances  without  further  recovery  of  the  filtrate 
(or  "thin"  stillage) .  Recovery  of  this  thin  or  dilute  material  presented 
a  complete  evaporation  problem  and  was  not  considered  economic  at 
most  of  the  older  and  smaller  plants,  consequently  much  of  it  was 
dumped  into  streams.  Only  a  few  plants  operated  for  complete  stillage 
recovery,  the  thin  stillage  ordinarily  being  evaporated  to  a  sirup  and 
added  to  the  screenings  for  final  drying.  Thin  stillage  (distillers' 
solubles)  was  first  produced  by  one  company  in  separate,  dried  form, 
about  1939.  The  modern  distilleries  and  industrial  alcohol  plants, 
using  grain,  that  have  been  built  in  recent  years  are  designed  for  com- 
plete stillage  recovery,  although  even  in  these  plants  it  frequently  has 
been  commercially  impracticable  to  recover  100  percent  of  the  waste 
material.  Since  1944,  shortages  of  feed  materials  have  stimulated 
efforts  toward  more  complete  recovery  of  distillation  residues  and  now 
many  plants  are  fully  equipped  to  accomplish  this.  With  the  growing 
realization  of  the  value  of  the  vitamins  as  well  as  that  of  the  proteins 
in  the  stillage,  and  with  increasing  specialized  use  of  distillers'  grains 
in  feeding,  there  has  come  an  increase  in  the  quantit}",  quality,  and 
diversity  of  byproduct  materials  marketed.  Recently  the  trend  has 
been  to  use  only  a  portion  of  the  total  thin  stillage  for  coating  screen- 
ings to  make  dark  grains,  the  remainder  of  the  solubles  being  dried 
separately.  Cost  of  such  drying  is  higher  than  the  cost  of  coating  the 
screenings  and  drying.  Therefore,  relative  market  values  of  the 
solubles  (usually  $10  to  $20  per  ton  higher  than  dark  grains)  are  a  large 
factor  in  determining  the  actual  recovery  method  employed. 

Considerable  latitude  exists  as  to  method  or  form  of  use  of  the  un- 
fermented residual  portions  of  the  grain  as  feed,  and  potential  markets 
may  exist  for  practically  any  amoinit  now  producible.  The  material 
can  b(^  fed  to  animals  direct  as  whole  stillage  or  it  can  be  recovered  in 
fru(  tions  of  ditferent  composition,  which  can  be  fed  du'ect,  or  dried 
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and  shipped.     Dried  commercial  products  -^  now  include: 

Distillers'  Dried  Grains  {so-called  light  grains). — This  product  con- 
sists of  the  solids  ordinarily  removed  from  the  stillage  by  simple 
screening  and  dried  separately. 

Distillers'  Dried  Grains  With  Solubles. — This  product  represents  a 
more  nearly  complete  recovery  of  the  stillage,  effected  in  two  stages; 
the  screenings  (light  grains)  are  coated  with  the  major  part  or  all  of 
the  sirup  obtained  b}^  subsequent  evaporation  of  the  liquid  that  passes 
through  the  screens  (thin  stillage)  and  dried  further,  or  the  two  por- 
tions (screenings  and  sirup)  are  mixed  after  being  dried  separately. 
Products  of  either  method  are  known  as  dark  grains. 

Semisolid  Distillers'  Grains  with  Solubles. — This  product  is  the 
whole  stillage  (unscreened)  evaporated  to  a  sirupy  consistency. 

Semisolid  Distillers'  Solubles. — This  product  is  obtained  by  evapora- 
.tion  of  the  thin  stillage  (only)  to  a  sirup. 

Dried  Distillers'  Solubles. — This  product  is  obtained  b}^  evaporating 
and  dr3^ing  the  sirup  from  the  thin  stillage,  by  drum  or  spray  dryers. 
It  contains  no  screenings. 

Each  of  the  foregoing  classifications  is  further  identified  by  the 
principal  raw  material  origin,  as  corn,  wheat,  rye,  molasses,  etc.  In 
addition,  there  have  been  efforts  toward  production  of: 

High  Vitamin  Concentrates. — Products  obtained  by  special  recovery 
methods,  or  by  reinoculation  and  refermentation  of  stillage. 

Special  Protein  Fractions. — Products  obtained  by  protein  precipita- 
tion methods. 

The  last  two  types  mentioned  represent  a  new  trend  in  the  industry 
toward  the  development  of  specialized  products.  Potential  profits  in 
this  field  might  exceed  the  profits  from  alcohol  production  and  exert 
a  marked  effect  on  alcohol-production  costs.  At  present,  equipment 
has  been  installed  in  most  grain-fermentation  plants  to  the  extent  that 
approximately  all  the  potential  feed  available  from  all  the  grain  which 
they  now  may  ferment  can  be  recovered,  mainly  in  dry  form,  although 
some  of  the  smaller  plants  still  may  resort  to  the  old  method  of  direct 
feeding  of  wet  stillage,  as  a  side  line,  or  sale  of  thin  stillage  to  local 
stock  feeders. 

Production  of  distillers'  dried  grains  (1,000-ton  units)  has  been 
reported  (33)  as  shown  in  table  13. 

Table  13. — Production  of  distillers'  dried  grains 

[In  units  of  1,000  tons] 


Year  (Oct.  to  Sept.) 

Light 
grains 

Dark             Dried 

grains          solubles 

Total 

1942-43 

1943-44 

1944-45 

1945-46 

1946-47 _    

0) 

285.  4 
352.  6 
133.4 
157.4 
130.  1 

(') 

131.2 

195.4 

88.6 
148.  7 
147.  8 

0) 

27.3 

85.  5 

105.  9 

105.  2 

73.2 

356.9 
443.  9 
633.  5 
327.  9 
411.  3 

1947-48- _-_ 

351.  1 

1  Not  itemized. 


23  Authorized  by  the  Association  of  American  Feed  Control  Officials,  Inc.  (1944), 
and  usually  so  identified  in  State  laws. 
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Previous  to  1942,  total  production  ran  as  low  as  149,100  tons  in 
1938-39.  Average  ton  prices,  all  grades,  in  bags  (Cincinnati)  have 
varied  from  $19  per  ton  (April  1936)  to  $94  (January  1948).  Previous 
to  the  war  the  general  fluctuation  was  in  the  $25  to  $34  range. 

These  distillers'  residues  are  useful  in  adjusting  the  protein  values 
of  mixed  feeds.  For  certain  types  of  feeding,  whole  grain  may  con- 
tain an  excess  of  carbohydrate  over  the  proportionate  protein  needed 
for  balanced  nutrition.  Therefore,  in  feeding  practice,  grain  fre- 
quently is  supplemented  by  a  material  of  high  protein  content  whereby 
original  ratios  of  high  carbohydrate  to  low  protein  are  adjusted  to 
suit  the  needs.  About  16  to  18  pounds  of  byproduct  feed  with  a  pro- 
tein content  of  25  percent  or  more  are  obtained  from  a  bushel  of  corn 
where  plant  operation  is  efficient.  Protein  content  of  the  dried  soluble 
fraction  may  reach  45  percent.  These  residues  also  contain  amino  acids, 
vitamins,  etc.,  resulting  from  the  yeast  action.  These  byproduct' 
grains  have  a  basic  nutritional  value,  but  their  actual  effect  when  used 
in  mixed  feeds  will  depend  upon  the  type  of  feeding  and  the  basic 
mixture. ^^  Essentially  they  compete  with  cottonseed  meal,  soybean 
meal,  dried  skim  milk,  and  similar  byproduct  agricultural  materials 
used  for  feeding. 

Experimentation  has  been  made  on  refermentation  of  the  stillage 
to  increase  vitamin  content,  particularly  that  of  vitamin  B2  (or 
riboflavin),  and  some  commercial  production  has  been  achieved. 
Protein  values  also  might  be  increased  by  refermentation  with  yeasts, 
in  which  case  additional  nitrogen  would  have  to  be  supplied  to  the 
mash.  The  stillage  might  also  serve  as  raw  material  for  the  production 
of  bacteriological  products.  Additional  developments  in  this  field 
may  be  anticipated.  Some  vitamin  values  established  by  Bauern- 
feind  (6)  are  shown  in  table  14. 

-^  Claims  that  "distillers  do  not  remove  any  nutrient  from  grain,"  (in  alcohol 
production)  are  not  essentially  true,  as  sometimes  worded.  Since  starch  is  a 
nutrient,  its  removal  means  the  loss  of  perhaps  two-thirds  of  the  total  nutritive 
value  of  the  grain.  Viewed  from  certain  nutritional  aspects,  however,  such  starch 
often  may  not  be  as  essential  or  desirable  as  the  residual  protein,  the  percentage 
of  which  is  increased  by  the  removal  of  the  starch.  Thus  the  remaining  third  of 
the  original  total  nutritive  value  may  have,  therefore,  an  enhanced  value  as  a 
supplement  to  other  feed,  under  certain  conditions. 


INDUSTRIAL    ALCOHOL 


71 


o 


03 

a 


C   ^ 

2§ 

C   c3 

S  >. 


d  S: 


fe 


^2 

— H       ^ 
^       ft 

o  ft 

O 


IS 

o 


'  lC  u-t  C<i  Tf  Lt'  CO  CO  iC  t>^  iC  CO  Tt^' 
(M  (N  (N  CO  CO  (M  C^ 


I  o  Lc  c  cc  Tf  o  CO 

I  Tf  O  iC  1>  1>  i>  C;  lC  u-t  C<i  Tf  Lt'  CO  CO  iC  t>^  iC  CO  Tt^'  o  ■^* 


•  O  OOOOOOOCOOCOOCOCCOOiOOO 

"^O  (M'  OC  O  (M'  CC  (N  Tt  Ol  ^  (M'  1>  r-'  CO  id  (N  00  05  ^'  c  <m'  CC 

Cft^  CO(M<MI>000Ct^t^rt<;CTJ^C0'*Tt^LO^r-,0000T^T^ 
=l.(M  (M  CM  (M  ,-  ^  ^ 


•(MOO-— iT-HCOt^0500^COiOCOO<NOCOOOi005TtiiO 
"^id  COrt^Ti^■TJ^COCOC^l>ldodcOCOrt^COTt^COCO'-HOcd^' 


OiO(M 


OOOOCOOtCO><NiOiOO»0050COOCD(N 

^  ^'  ^"  ^*  CO  t>;  (M'  1-;  r-;  T^'  CO  ^'  i-H*  id  CC  (N  c^' 


■gCQiOrtHCOt^Or-HOSOlOO^T-HOOfNOOOOTt^fMailXN 

p  (N  (^^  (N  o^'  th  c^  CO  CO  (N  CO  CO  (^^  <N  CO  (^5  c4  CO  CO  c^'  c^'  i^ 


x- 


O^COOOiOi-^t^-iOCOOSOOOOiOCNCOCOOJCCTt 


C<X)000(^^(M(N<Nai05Cil-l(^^r-^oooo(N(NlOTt^(^^(^^ 


^iCOOOSCCiOt^CO 

-c  d    '    ■    '  id  TjH  T^' 


id  CD 


C0COTt^l>l>CO0CrHCOiC(M 

00  d  i-H    ■    ■  d  d  ^'  — ■  Tf"  CO 


^iooooo(M05i-ocoi>ici>.iocoa:TjHT^ociOoooo 
^  d  d  i>  id  b^  i>  d  (N  1-H  00  Tj^'  d  c4  CO  d  d  TjH  OC  d  (N  i>  "«*' 

5^'*C0COCO(MC0COTt^C^(N(NCOCOCO'*CO(M(N^'*(N'^ 


t-'iO(MO(MiC(NC(MC^O<M(MC(MiOOiOOiCOiOO 

^lO'-'OO^iOi— iX'-^^OCr^'-'OC'-HiOOOiCOOiOOOiOOO 
o    T-i(M  (M  CO  T-H  (N  (M  CO  (M  (M  CO  (M  (M  CO  T-H  (M  r- (M  ,-H  (M  r-i  (M 


COOOCCOCOOOOCOOOOCOOXCCCOOOCOOOCOOOCOOO 

oddi>idoddi>iddi>iddi>idodi>odi>odi>odi> 

CCOCOiOOOCOiOOCOiCOCOiCCCCOCOCOCOCOCOCO 


O     O 


O 
O 

u 


_^ 

c3 

;-i 

o 

^ 

* 

bJC 

.  ;-< 

s 

s 

^5 

.  »-< 

'U 

"CJ 

-s  ^ 

^^ 

12 
5 

^^. 

=  a 

5  S 


:c?H 


72  MISC.    PUBLICATION    6  95,    U.    S.    DEPT.    OF    AGRICULTURE 

CARBON  DIOXIDE 

Carbon  dioxide  recovery  represents  a  potential  source  of  income  to 
the  alcohol  plant,  within  the  limits  of  possible  markets.  About  a 
pound  of  carbon  dioxide  is  released  during  fermentation  for  each 
pound  of  alcohol  produced.  However,  mider  existing  plant  methods 
only  part  (perhaps  70  percent)  of  this  gas  may  be  economically  re- 
coverable. Furthermore,  market  situations  in  the  past  have  tended 
to  limit  annual  over-all  commercial  recovery  to  perhaps  40  percent 
of  the  original  gas  produced,  because  of  seasonal  fluctuations  in  de- 
mand. Since  solid  carbon  dioxide  vaporizes  rapidly  and  is  lost,  the 
time  of  storage  is  limited.  Thus  it  has  been  relatively  impractical 
to  store  reserves  for  the  period  of  heavy  demand  in  midsummer. 
Recently,  by  use  of  specially  constructed  holders,  storage  for  relatively 
long  periods  seems  to  be  more  feasible.  Liquefied  gas  stored  in  cyl- 
inders is  free  from  evaporation  loss  but  storage  is  limited  by  the 
relatively  high  expense  represented  by  the  cylinders. 

The  raw  gas  must  be  purified.  Distillery  gas  must  compete  with 
carbon  dioxide  from  stack  gases,  natural  dioxide  gas  wells,  and  other 
sources,  as  well  as  with  mechanical  and  ice  refrigeration.  The  over- 
all returns  from  carbon  dioxide  recovery  are  not  likely  to  exceed  a 
credit  of  4.7  cents  per  gallon  for  limited  operation  periods,  and  the 
yearly  average  is  unlikely  to  net  more  than  2  cents  per  gallon  of  the 
alcohol  produced,  as  possible  maximums.  In  actual  experience  the 
credit  value  of  carbon  dioxide  recovered  at  alcohol  plants  has  averaged 
much  less.  The  markets  for  carbon  dioxide  in  1944  assimilated 
226,370,000  pounds  in  liquid  form  and  666,009,000  pounds  in  solid 
form.  Both  liquid  carbon  dioxide  (compressed  in  cylinders)  and  solid 
carbon  dioxide  (dry  ice)  constitute  specialty  products.  One  large 
apparent  market  in  which  further  development  possibly  might  occur 
is  the  use  of  solid  carbon  dioxide  in  refrigerator  cars  in  transit. 

Accurate  information  on  the  total  production  of  fermentation  carbon 
dioxide  in  the  United  States  is  lacking,  and  the  extent  of  the  potential 
market  cannot  be  stated  accurately.  About  15  alcohol  plants  now 
are  equipped  to  recover  carbon  dioxide,  the  majority  selling  the  gas 
to  a  subsidiary  for  purification  and  distribution.  Toward  the  end  of 
World  War  TI  this  production  may  have  amounted  to  about  22  per- 
cent of  the  market  requirements,  as  estimated  from  installation  ca- 
pacities. 

FUSEL  OIL 

Fusel  oil  is  a  variable  mixture  of  higher  alcohols,  principally  isoamyl 
and  d-amyl,  with  some  normal,  isobutyl,  and  propyl  alcohols  and 
corresponding  esters.  It  occurs  in  amounts  approximating  1  to  5 
gallons  per  1,000  gallons  of  alcohol  produced.  The  actual  amounts 
depend  on  the  raw  material  used,  the  conditions  of  fermentation,  and 
the  operation  of  the  alcohol  rectifying  equipment. 

Fusel  oil  originates  principally  from  decomposition  of  proteins  or 
amino  acids  by  yeast  action,  although  some  of  the  propyl  or  butyl 
constituents  may  result  from  carbohydrate  decomposition.  For  ex- 
ample, iso-amyl  alcohol  seems  to  be  derived  from  leucine,  and  d-amyl 
alcohol  from  iso-leucine  (7^,  pp.  168-170). 

Fusel  oil  has  long  been  used  as  a  solvent  for  nitrated  cotton,  and 
as  a  source  of  amyl  compounds.     Recently  it  has  found  use  in  the 


INDUSTRIAL   ALCOHOL  73 

recovery  of  crude  pencillin.  The  oil  is  recovered  at  most  industrial 
alcohol  plants  and  in  distilleries  of  modern  design,  but  not  at  many 
of  the  smaller,  older  distilleries.  Production  in  1945  was  11,400,000 
pounds  (crude  and  refined).  Amjd  alcohol  (normal)  is  now  made 
synthetically  from  pentane  gas  (from  petroleum),  and  also  may  be  a 
byproduct  of  Fischer-Tropsch  reactions.  Synthetic  production  may 
present  strong  competition  to  the  fermentation  product.  There  are 
eight  isomeric  forms  of  amyl  alcohol,  about  five  of  which  appear 
commercially.     Most  of  these  originate  from  synthesis  operations. 

CORN  OIL 

Corn  oil  may  be  recovered  from  corn  germs  removed  from  the  grain 
before  fermentation.  Most  of  the  oil  present  in  the  kernel  is  in  the 
germ,  about  5.5  pounds  of  germs  being  recoverable  per  bushel  of  corn. 
Only  one  or  two  alcohol  (beverage)  plants  degerminated  corn  and/or 
recovered  corn  oil  in  1943.  Most  of  the  corn  oil  now  produced  com- 
mercially is  a  byproduct  of  the  cornstarch  industry.  About  1.5  to 
1.7  pounds  of  oil  is  obtained  from  a  bushel  of  corn  by  the  usual  wet- 
milling  process.  Oil  yields  from  dry  milling  (ordinary  grinding  and 
germ  separation)  are  considerably  less  (about  0.6  pound),  since  only 
a  portion  of  the  germ  can  be  separated  easily  from  the  milled  grain. 
Alcohol  plants  ordinarily  use  dry -milling  methods  only.  Degermina- 
tion  or  oil  extraction  of  grains  used  in  distilling,  other  than  corn,  is 
not  practiced.  Removal  of  the  corn  germ  before  fermentation  should 
not  reduce  alcohol  yields  (per  unit  of  original  grain)  significantly, 
since  the  press  cake  from  the  oil  removal  operation  subsequently  can 
be  returned  to  the  fermentation  mash  for  utilization  of  incidental 
starch,  the  remainder  being  recovered  as  distillers'  grains.  Corn-oil 
extraction  eventually  might  be  practiced  more  generally  by  distillers, 
but  the  market  situation  seemingly  will  be  dominated  by  the  far 
larger  production  of  corn  oil  by  the  cornstarch  industry. 

FEED    YEAST 

The  production  of  yeast  for  feeding  purposes,  as  an  adjunct  of 
alcohol  operations,  might  produce  additional  income.  If  high  alcohol 
yields  from  a  given  amount  of  carbohydrate  are  desired,  yeast  growth 
must  be  minimized.  Conversely,  if  luxuriant  yeast  growth  is  desu-ed, 
alcohol  yields  are  sacrificed.  Yeast  for  food  purposes  is  now  produced 
in  special  plants  mainly  utilizing  cane  and  beet  molasses,  and  alcohol 
yields  are  minimal,  growth  of  yeast  cells  being  stimulated  by  supplying 
additional  oxygen.  Such  growth  is  based  on  use  of  6-carbon  sugars; 
however,  special  types  of  yeast  {Torulopsis  utilis)  suitable  for  feed 
can  be  grown  on  the  5-carbon  sugars  (pentoses)  present  in  some  fer- 
mentation liquors.  This  is  now  being  done  abroad  m  conjunction 
with  the  production  of  alcohol  from  wood  and  sulfite  liquor,  particu- 
larly. Approximately  a  half  pound  of  yeast  can  be  derived  by  use  of 
a  pound  of  sugar,  and  costs  currently  are  estimated  at  8  to  10  cents 
per  pound,  depending  on  the  cost  of  the  sugar  employed. 


74  MISC.    PUBLICATION    69  5.    U.    S.    DEPT.    OF    AGRICULTURE 

ALCOHOL  MARKETS 

During  World  War  II,  because  of  the  extraordinary  increase  in 
alcohol  requirements  and  inadequate  supply,  it  became  necessary  to 
control  distribution  and  use  of  alcohol  as  well  as  production.  Alloca- 
tions by  the  War  Production  Board  (44)  for  the  various  uses  of  ethyl 
alcohol  are  sho^^^l  in  table  15. 

Prewar  uses  of  industrial  alcohol  are  included  principally  in  the  last 
two  allocation  items  of  this  table,  most  of  the  remamder  constituting 
war  requu-ements.  Increases  in  civilian  use  above  the  prewar  normal 
also  are  owmg  essentially  to  war  demands.  However,  the  situation 
represents  enlarged  usual  markets  rather  than  significant  new  uses  or 
market  outlets  for  alcohol.  An  exception  is  in  the  production  of 
synthetic  rubber,  a  field  of  use  which  represents  a  new  and  highly 
significant  market  outlet  that  absorbed  alcohol  at  a  rate  of  about  330 
miUion  gallons  annually  at  its  peak.  This  quantity  represents  ap- 
proximately 300  percent  of  the  total  prewar  annual  consumption  of 
alcohol  for  general  industrial  uses,  and  half  of  the  annual  war  pro- 
duction of  alcohol. 

The  item  of  "indirect  military  and  civilian"  uses  in  table  15  rep- 
resents essential  general  manufacturing.  Distribution  to  the  various 
uses  was  estimated  (4^)  as  follows: 
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ALCOHOL  USES  IN  1944 
Industrial  uses:  MUUon  gallons 

Chemical  solvents 42.  0 

Tetraeth yl  lead 25.  2 

Ravon  and  plastics 20.  4 

Solvents  and  thinners  for  liquid  coatings 15.  0 

Cellulose  resins,  etc 12.0 

Industrial  processmg 9.  0 

Miscellaneous 4.4 


Subtotal 128.0 


Consumer  uses: 

Vinegar 10.  0 

Proprietaries 6.  0 

Food  and  medicinals  (internal) 3.  0 

Fluid  (experimental  and  fuel) .  9 

Government  (excluding  military) 2.  4 

Hospitals  and  science  (excluding  Government) 1.2 

Miscellaneous .  9 


Total 24.4 

The  distribution  may  be  summarized  as  follows:  Percent 

Protective  coatings 24.  4 

Plastics 12.  8 

Textiles 12.  6 

Tet  raet  hvl  lead 11.8 

Public  health 7.  5 

Food ■  4.  6 

Explosives  (private  production) 3.  6 

Miscellaneous  (exclusive  of  rubber  and  antifreeze) 22.  7 

Of  these  uses,  the  tetraethyl  lead  (''gasohne  antiknock")  item 
deserves  further  consideration  because  of  its  future  potentiahties. 
The  antilmock  compound  now  used  in  motor  fuel  contains  tetraethyl 
lead,  and  the  alcohol  allocated  for  gasoline-antiknock  use  was  intended 
principally  for  manufacture  of  this  compound.  However,  alcohol 
itself  can  be  used  as  a  straight  fuel  for  internal-combustion  engines, 
or  as  an  ingredient  of  fuel  blends  to  obtain  increased  antilaiock  or 
other  desirable  effects.  This  will  be  discussed  later,  as  representing 
another  new  and  significant  market  outlet  for  alcohol.  Such  use  has 
been  suggested  in  past  years,  but  so  far  it  has  failed  to  achieve  success 
in  this  country.  Use  of  any  large  quantities  of  alcohol  for  this  purpose 
during  periods  of  inadequate  supply  would  be  impracticable. 

1'he  annual  consumption  of  alcohol  (completely  denatured)  as  an 
antifreeze  agent  now  may  amount  to  about  29  million  gallons  or  per- 
haps less,  since  methanol  and  certain  high-boiling  materials  (glycerine 
and  ethylene  glycol)  are  also  used  extensively.  The  lack  of  these 
other  materials  during  wartime,  however,  necessitated  the  allocation 
of  oO  million  gallons  of  alcohol  for  such  use  in  1943.  There  are  some 
other  uses  for  completely  denatured  alcohol  (varnish  thinner,  canned 
lieat,  crude  solvent,  etc.),  but  production  of  alcohol  in  this  form  is 
decreasing  (see  table  1). 

The  greatest  industrial  use  of  alcohol  is  in  specially  denatured 
forms,  of  which  57clifferent  formulas  are  authorized  at  present  (30). 
Use  of  alcohol  in  this  form  is  limited  by  a  permit  system,  since  in  some 
instances  purifi(^d  alcohol  might  be  illegally  lecoverable  from  it,  to 
avoid  payment  of  tax.  Uses  of  specially  denatured  alcohol  are  shown 
in  table  16. 
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Table  16  shows  that  the  largest  industrial  uses  of  alcohol  are  for  the 
production  of  acetaldehyde,  acetic  acid  and  its  esters,  such  as  ethyl 
acetate,  and  for  general  solvent  purposes.  Acetic  acid  and  its  deriva- 
tives can  be  made  synthetically  from  acetylene,  and  have  been  made 
thus  for  some  years.  However,  the  market  requirements  of  such 
acetic  derivatives  previous  to  the  war  were  partly  filled  from  natm'al 
sources  (wood  distillation  and  acetic  fermentations),  although  syn- 
thetic products  constituted  the  major  source.  New  plants  are  being 
built  to  make  these  chemicals  synthetically  from  petroleum  gases. 
Any  future  expansion  of  such  direct  production  is  likely  to  decrease 
the  futm*e  requirements  for  ethyl  alcohol. 

Competition  From  Other  Alcohols 

Ethyl  alcohol  is  meeting  increasing  competition  from  other  alcohols, 
principally  methyl,  isopropyl,  and  butyl,  for  many  purposes,  such  as 
antifreeze,  solvent,  chemical,  cosmetic,  and  general  use.  Glycerine 
also  can  compete  in  certain  fields. 

Production  of  isopropyl  alcohol  has  been  increasing  markedly.  This 
chemical,  under  allocation  during  the  war,  has  been  manufactured 
synthetically  for  more  than  20  years.  From  January  1,  1943,  to 
June  30,  1945,  the  yearly  consumption  ranged  between  66  and  89 
million  gallons,  xlbout  20  million  gallons  of  this  was  used  for  purposes 
that  might  compete  more  or  less  directly  with  ethyl  alcohol.  Isopropyl 
alcohol  is  made  from  propylene  gas  occurring  in  the  waste  gases  from 
petroleum  refining,  and  can  be  made  by  sulfuric  acid  absorption  in  a 
manner  analogous  to  the  production  of  synthetic  ethyl  alcohol  from 
ethylene  derived  from  the  same  raw  material  source.  Propylene  is 
more  readily  absorbed  by  sulfuric  acid  than  is  ethylene  and  ordinarily 
it  is  more  plentiful  in  the  original  gas  source,  hence  competitive  pro- 
duction may  increase  in  the  future.  Acetone  can  be  produced  from 
isopropyl  alcohol  by  dehydrogenation.  Normal  propyl  alcohol  is  now 
available  commercially  also,  produced  by  synthesis. 

In  1947,  because  of  shortages  of  methanol  and  ethanol,  demand  for 
isopropyl  alcohol  was  greatly  increased,  and  exceeded  the  110  million 
gallons  produced  {2,  p.  120).  About  70  percent  of  the  production  was 
used  for  acetone  manufacture,  since  fermentation  acetone  supply  was 
somewhat  curtailed  by  shortages  of  raw  material  for  butanol  produc- 
tion. About  10  percent  was  used  for  antifreeze.  This  illustrates  how 
the  present  alcohol/solvent  situation  differs  from  the  prewar  status. 
All  these  alcohols  now  are  interrelated  in  various  fields  of  use,  and 
users  can  turn  from  one  chemical  to  the  other  when  shortages  or  high 
prices  affect  any  particular  one.  This  consequently  tends  to  keep 
market  prices  for  the  several  alcohols  in  relative  alinement,  ordinarily. 

Methanol  is  now  made  principally  by  pressure  synthesis  from  a 
mixture  of  carbon  monoxide  and  hydrogen.    It  also  is  a  byproduct  of 
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wood  distillation.  It  can  compete  with  ethyl  alcohol  as  a  solvent  or 
as  an  antifreeze,  but  because  of  its  inherently  poisonous  character, ^^ 
its  use  is  limited  in  certain  fields.  About  30  million  gallons  went  into 
antifreeze  in  1947.  Production  of  natural  (wood  distillation)  methanol 
runs  about  5  million  gallons  per  year,  this  being  used  principally  for 
denaturing  ethyl  alcohol.  Synthetic  production  increased  from  44.6 
million  gallons  in  1939  to  150  million  in  1948,  three  new  plants  having 
come  into  operation  recently.  Principal  specific  use  is  as  raw  material 
for  formaldehyde  manufacture.  Methanol  can  be  made  as  an  alternate 
product  in  synthetic  ammonia  (ordnance)  plants. 

Butyl  alcohol  is  a  less  significant  competitor  of  ethyl  alcohol,  since 
it  dift'ers  more  markedly  in  boiling  temperature  and  solubilit}^.  How- 
ever, it  finds  some  competitive  use  as  a  solvent.  The  esters  of  butanol 
(and  in  fact  those  of  all  these  lower  carbon  alcohols)  can  compete 
extensively  with  the  esters  of  ethyl  alcohol  in  many  fields. 

Certain  physical  constants  of  ethyl  alcohol  and  related  or  competing 
organic  compounds  are  shown  in  table  17.  The  data  presented  in  this 
table  represent  values  for  products  as  commercially  obtainable  (tech- 
nical grade),  rather  than  for  pure  compounds.  Acetates  of  the  various 
alcohols,  as  listed,  and  acetone  and  methyl  ethyl  ketone  are  used 
principally  for  formulation  of  cellulose-ester  lacquers  or  coating  com- 
pounds. Ethylene  glycol  competes  more  directly  with  methanol  and 
ethanol  as  an  antifreeze  agent.  Methyl,  ethyl,  and  propyl  alcohols 
compete  in  the  general  solvent  field.  Such  materials,  however,  do  not 
compete  in  instances  where  the  inherent  chemical  radicle  is  used  for 
synthesis  of  new  chemical  compounds. 

25  Oxidation  or  metabolism  of  methanol  in  the  human  body  essentially  generates 
formaldehyde,  formic  acid,  or  ultimately  carbon  monoxide.  All  of  these  are  toxic, 
hence  there  is  no  method  by  which  methanol  can  be  rendered  nonpoisonous,  if 
taken  internally.  Even  simple  inhalation  of  sufficient  quantities  of  vapor  from 
pure  methanol  can  have  serious  effects  in  instances.  Conversely,  the  oxidation 
products  of  ethyl  alcohol  ordinarily  are  acetaldehyde,  acetic  acid,  and  ultimately 
carbon  dioxide,  all  of  which  (in  reasonable  amounts)  are  tolerated  by,  or  eliminated 
with  relative  ease  from  the  body.  Products  of  methanol  ordinarih^  are  NOT 
tolerated  to  any  extent,  or  eliminated  as  easily,  hence  there  is  a  fundamental 
distinction  between  the  two  alcohols.  Wood  distillation  (natural)  methanol,  as 
marketed  many  years  ago,  frequently  contained  traces  of  allyl  alcohol  or  similar 
impurities,  the  vapor  from  which  frequently  irritated  the  mucous  membranes  of 
the  eye.  Such  effect  had  no  relation  to  the  toxicity  of  methanol  itself,  but  a 
popular  misconception  arose  as  to  the  cause  of  the  trouble,  and  as  to  possibilities 
of  purification.  Some  States  have  specific  laws  covering  methanol  use.  However, 
the  toxicity  danger  tends  to  be  exaggerated.  The  author  was  engaged  in  natural 
methanol  production  for  many  years,  but  never  saw  an  instance  of  methanol 
poisoning,  identifiable  as  such,  among  the  personnel  of  the  various  plants.  In- 
flamed eyelids  or  mucous  surfaces  often  were  noted,  following  spillage  of  hot 
impure  alcohol  in  plant  accidents,  but  such  effects  apparently  were  temporary. 
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Alcohol  for  Sy>thetic  Rubber 

A  number  of  types  of  synthetic  rubber  can  be  produced.  However, 
some  of  these  are  special-purpose  types,  manufactured  in  small  quan- 
tities only.  The  most  adaptable  type,  which  is  produced  in  the  great- 
est quantity  (around  90  percent  of  the  total  production)  is  an  adapta- 
tion of  the  Buna  rubber  produced  and  used  by  the  Germans  during 
World  War  I,  and  is  designated  as  GR-S  in  the  United  States. 

The  basic  material  for  GR-S  type  synthetic  rubber  is  butadiene, 
which  is  a  gas  at  ordinaiy  temperatures.  Three  parts  of  butadiene 
and  one  part  of  styrene  or  acrylonitrile  can  be  combined  (with  additives) 
to  make  about  five  parts  of  commercial  Buna-type  rubber.  Butadiene 
can  be  produced  from  alcohol  by  at  least  three  methods,  and  it  also 
can  be  produced  from  butylene  glycol  (also  derivable  from  farm  crops 
by  fermentation  methods),  and  from  petroleum.  Hence,  instead  of 
considering  aspects  of  future  alcohol  use  on  the  more  complex  basis  of 
rubber  production,  it  is  sufficient  to  consider  butadiene  production. 
In  the  Government's  program  initiated  during  World  War  II,  petro- 
leum was  originally  intended  as  the  source  of  practically  65  percent 
(based  on  rated  plant  capacities)  of  the  butadiene  needed  for  synthetic 
(GR-S)  rubber.  This  was  determined  on  the  probability  that  buta- 
diene could  be  produced  more  cheaply  from  petroleum  than  from 
alcohol,  at  usual  raw  material  prices.  Hence,  only  3  of  the  16  buta- 
diene production  plants  were  designed  for  operation  on  alcohol.  How- 
ever, a  plant  required  for  producing  butadiene  from  petroleum  is  more 
expensive  than  one  for  producing  it  from  alcohol,  which  reduces  some- 
what the  initial  raw  material  advantage  of  low-cost  petroleum. 

Alcohol-butadiene  plants  carried  most  of  the  load  during  the  early 
production  period,  since  development  of  the  petroleum-butadiene 
sources  met  unexpected  delays.  A  principal  difficulty  was  that  petro- 
leum butylene,  source  of  butadiene,  also  was  needed  for  production  of 
the  high-octane  gasoline  required  for  military  aircraft  operation.  In 
addition,  construction  of  plants  operating  on  petroleum  was  delayed, 
and  certain  operation  difficulties  had  to  be  overcome.  In  the  emer- 
gency, the  alcohol-butadiene  plants  reached  a  production  rate  of  188 
percent  (87)  of  their  rated  capacity  in  August  1944,  accounting  for 
82.3  percent  of  the  total  butadiene  then  produced.  Eventually,  most 
butadiene  plants  greatly  exceeded  their  rated  capacities.  In  1944,  65 
percent  of  all  the  butadiene  produced  was  made  from  alcohol  {36,  pp 
26,  51),  the  GR-S  rubber  production  representing  668,879  long  tons 
of  the  total  synthetic  (all  types)  rubber  production  of  737,131  tons. 
In  1945,  alcohol  accounted  for  only  40.5  percent  of  the  total  butadiene, 
owing  to  increased  production  from  petroleum.  Over  the  entire  war 
period,  alcohol  butadiene  represented  56.2  percent  of  the  reported 
total  production  of  1,290,522  tons  of  butadiene. 

Total  synthetic  rubber  production  reached  an  amiual  rate  of  1  mil- 
lion tons  in  1945,  but  actual  production  was  only  801,921  long  tons, 
owing  to  the  ending  of  the  war.  Of  this  amount  717,688  long  tons  was 
GR-S  type.  In  1946,  production  decreased  to  725,000  (estimated) 
tons,  and  in  1947  production  in  the  latter  part  of  the  year  fell  to  around 
36,000  tons  per  month.  By  June  1948,  production  of  GR-S  rubber 
was  at  a  rate  of  400,000  tons  annually,  out  of  a  total  S3aithetic  rubber 
production  rate  of  494,600  tons. 
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Total  prewar  world  production  of  rubber  (1937-39)  was  about  1.25 
million  tons  annually,  of  which  about  95  percent  was  natural  rubber. 
The  United  States  at  that  time  was  using  approximately  half  of  the 
world  supply  annually  and  the  trend  toward  greater  use  was  in- 
creasing. Natural  rubber  prices  usually  fluctuated  between  12  and  24 
cents  per  pound  and  averaged  around  17  cents,  although  wide  devia- 
tions occurred.  Future  United  States  rubber  needs  of  perhaps  1  million 
tons  per  year  are  anticipated.  If  increased  use  by  foreign  nations  also 
occvu's,  total  world  requirements  may  exceed  total  natural  rubber  pro- 
duction. A  synthetic-rubber  industry  may  be  needed,  therefore,  to 
supplement  natural-rubber  sources,  especially  since  present  synthetic 
rubber  has  qualities  often  superior  to  natural  rubber  for  certain  uses. 
This  is  particularly  true  of  the  new  cold-process  type.  Furthermore, 
since  natural  rubber  is  not  grown  in  the  United  States,  the  existence 
of  a  synthetic  industry  to  insure  a  continuing  supply  of  rubber  is  essen- 
tial to  avoid  another  war  emergency  such  as  was  experienced  in  1941-45 
when  imports  were  cut  off.  World  production  of  natural  rubber  was 
at  the  rate  of  1,332,000  long  tons  for  1948  (4,  pp.  82,  126,  132).  Total 
United  States  consumption  of  all  types  of  rubber  for  1948  was  at  the 
rate  of  1,376,700  tons,  of  which  natural  rubber  and  latex  represented 
636,000  tons,  or  about  46  percent  of  the  national  consumption.  The 
United  States  total  demands  of  natural  rubber  (1948)  was  about  48 
percent  of  total  world  production. 

Synthetic  rubber  production  during  1947,  under  the  Government 
program,  was  planned  at  about  one-thii'd  of  existing  plant  capacity 
(250,000  tons  per  year)  but  only  petroleum  sources  (of  butadiene) 
were  utilized  since  it  was  the  cheapest  source,  and  increasing  competi- 
tion could  be  expected  from  natural  rubber,  obtainable  abroad  (1946) 
at  around  22  cents  per  pound.  In  1947  the  price  of  natural  rubber 
fell  to  14  cents  temporarih^,  owing  to  oversupply  for  current  use,  but 
later  rebounded  to  23)2  cents.  The  price  for  synthetic  rubber  has 
been  held  constant  by  the  Government  at  18)2  cents.  Some  of  the 
surplus  war-built  Government  synthetic  rubber  plants  have  been  sold 
to  private  industry,  but  they  remain  available  for  use  in  emergencies, 
pursuant  to  the  Rubber  Act  of  1948  (Public  Law  469,  80th  Congress). 

Under  this  Rubber  Act  (Public  Law  469,  signed  by  the  President 
March  31,  1948,  and  effective  until  July  1,  1950),  a  mandatory  annual 
production  of  200,000  long  tons  of  general  purpose  and  22,000  tons  of 
special  purpose  (butyl  and  acrylonitrile)  synthetic  rubber  was  ordered. 
A  special  agency  within  the  Department  of  Commerce  was  set  up  to 
achninister  a  program  of  production  and  use,  and  to  maintain  in 
operation  or  in  stand-by  condition  the  necessary  facilities  for  producing 
600,000  long  tons  of  general  and  65,000  tons  of  special  synthetic 
rubber  {3,  pp.  247-250).  This  was  primarily  a  defense  measure,  and 
was  independent  of  the  law  (Public  Law  520  of  July  23,  1946)  requiring 
stock  piling  of  essential  materials.  The  agency  was  given  wide 
authority  to  supervise  all  national  use  of  rubber,  including  natural 
rubber,  and  to  set  up  percentages  of  use. 

In  1948  the  use  of  synthetic  rubber  in  the  United  States  was  greater 
than  the  minimum  quantities  contemplated  in  the  above  enactment. 
It  is  significant  that  the  law  provided  that  at  least  one  alcohol-buta- 
diene facility  be  maintained,  at  least  in  stand-by  condition.  (Actually, 
two  such  plants  have  been  held.)    In  1948,  a  rated  capacity  of  162,000 
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long  tons  was  allocated  to  the  production  of  the  new  low-temperature 
synthetic  rubber. 

Butylene  occurs  as  a  normal  constituent  of  the  waste  gases  obtained 
in  the  refming  and  ''cracking"  of  crude  petroleum  for  gasoline,  the 
percentage  varying  with  the  processing  method  and  charging  stock 
used.  It  can  be  produced  in  larger  amounts  by  proper  adjustment  of 
processing  factors.  Butadiene  is  produced  therefrom  by  a  dehydrogen- 
ation  reaction.  Costs  of  producmg  butadiene  from  petroleum  de- 
creased in  1947  to  around  6  to  7  cents  per  pound.  If  petroleum  prices 
rise  tln-ough  approaching  scarcity  or  other  cause  and  alcohol  prices 
decrease,  alcohol  may  then  achieve  a  more  economic  position  as  a  buta- 
diene source.  The  possibilities  were  stated  by  Rubber  Director 
Bradley  Dewey  (1944)  to  be  -^  (1,  pp.  25-27)  as  follows: 

Future  natural  raw  rubber  basic  values  may  be  as  low  as  12  to  15  cents  per 
pound.  Buna  S  rubber  should  be  producible  eventually  at  14  cents  per  pound, 
excluding  plant  depreciation  but  including  reasonable  management  fees.  Costs  for 
labor,  cliemicals,  maintenance  (excluding  depreciation),  supervision,  utilities, 
management  (li  cent),  and  research  {^i  cent),  may  total  4.5  cents  per  pound  at 
capacity  operation.  With  butadiene  and  styrene  each  bringing  8  cents  per  pound, 
f.  o.  b.  copolymer  plant,  the  cost  of  producing  Buna  S  should  be  12  cents  per  pound 
plus  depreciation.     A  possible  future  reduction  of  1  cent  per  pound  is  foreseen. 

Since  butadiene  constitutes  three-fourths  of  the  mixture  converted  to  Buna  S 
rubber,  the  cost  of  the  butadiene  for  1  pound  of  Buna  S  on  such  basis  is  limited  to 
three-fourths  of  8  cents,  or  6  cents.  The  cost  of  the  2.2  pounds  of  butadiene  that 
can  be  made  from  a  gallon  of  alcohol  -'-  will  be  the  cost  of  the  alcohol  plus  2  cents 
per  pound  for  processing  charges.  Alcohol  at  12  cents  a  gallon  (if  obtainable  at 
that  price)  would  therefore  entail  a  7.5  cent  butadiene  cost  (less  possible  byproduct 
credits  from  oils  and  gases  now  wasted).  Alcohol  at  15  cents  per  gallon  would 
represent  a  butadiene  cost  of  8.8  cents.  In  the  case  of  butadiene  from  petroleum, 
butylenes  available  at  a  wholesale  gasoline  price  of  5  cents  a  gallon  should  yield 
butadiene  at  a  cost  of  7  cents  per  pound,  with  possibly  6  cents  and  not  over  8 
cents  as  extremes,  excluding  depreciation.  The  price  of  styrene  may  fall  below  8 
cents.  Therefore,  postwar  Buna  S  rubber,  excluding  depreciation,  may  cost  about 
12  cents  per  pound  at  a  minimum,  or  14  cents  at  a  more  conservative  estimate. 

Based  on  best  performances  at  Government-owned  plants,  the 
cost  situation  outlined  above  may  be  somewhat  improved  m  the  future, 
as  shown  in  table  18.  This  table  demonstrates  the  present  price 
advantage  of  petroleum  as  a  butadiene  source,  and  indicates  that 
alcohol  must  be  produced  very  cheaply  for  effective  competition. 

Plant  construction  costs  for  the  chemical  constituents,  per  ton  of 
rubber  per  year,  are  approximately  $79  for  styi-ene,  $336  for  butadiene, 
and  $151  for  copolymer  plant  units  for  the  lower-cost,  larger  plants  of 
the  rubber  program.  (Prewar  plant  construction  costs  would  be 
perhaps  60  percent  of  these  figiuTS.)  If  this  mvestment  is  charged  off 
in  15  years,  a  depreciation  charge  of  1.05  cents  per  poimd  of  Bima  Sis 
indicated.  From  the  existing  situation,  it  is  possible  that  a  postwar 
price  for  crude  rubber  of  16  cents  or  more  per  pound  could  meet 
prompt  competition  from  the  sjmthetic  product  (1). 

Translating  the  butadiene  costs  to  grain,  on  the  basis  of  available 
information  concerning  alternate  routes  through  alcohol  as  derived 
by  different  methods,  data  contained  m  table  19  can  be  derived. 

26  Supplementary  report  (36)  for  1945  shows  actual  GR-S  production  cost  for 
December  1945  was  16.2  cents. 

"  Yields  increased  to  2.6  pounds  per  gallon  in  1945. 
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Table  18. — Cost  of  producing  a  pound  of  GR-S  rubber  ^ 


Item 


Cost  of 
buta- 
diene 


Cost  of 
styrene 


Cost  of 

con- 
version 


Total 
cost 


1 .  Present  average  costs — all  plants 

2.  Present  cost  at  lowest  cost  project 

3.  Possible  postwar  cost,  using  alcohol  as 

source   of  butadiene    (styrene   at   5 

cents  a  pound). 
Alcohol  at  90  cents  per  gallon  (delivered)  _ 
Alcohol  at  50  cents  per  gallon  (delivered)  _ 
Alcohol  at  30  cents  per  gallon  (delivered)  _ 
Alcohol  at  25  cents  per  gallon  (delivered)  _ 
Alcohol  at  20  cents  per  gallon  (delivered)  _ 
Alcohol  at  15  cents  per  gallon  (delivered). 

4.  Possible  postwar  cost,  using  butylenes 

as  butadiene  source  (styrene  5  cents 

a  pound). 

Butylene  at  10  cents  per  gallon 

Butylene  at  8  cents  per  gallon 

Butylene  at  6  cents  per  gallon 

Butylene  at  4  cents  per  gallon 


Cents 

Cents 

Cents 

23.  5 

2.  2 

5.0 

4.9 

L4 

4.6 

26.2 

1.  1 

4.5 

15.2 

1.  1 

4.  5 

9.8 

1.  1 

4.5 

8.  5 

1.  1 

4.5 

7.2 

1.  1 

4.  5 

5.8 

LI 

4.5 

5.  1 

1.  1 

4.5 

4.  6 

1.  1 

4.5 

4.2 

1.  1 

4.5 

3.8 

1.  1 

4.5 

Cents 
SO.  7 
10.  9 


31.  8 
20.  8 
15.  4 
14.  1 
12.  8 
11.  4 


10.  7 

10.  2 

9.  8 

9.4 


1  Report  on  the  Rubber  Program  (1940-45)    (37,  p.  61).     Later  report   (56^) 
shows  improvement  of  values,  especially  on  alcohol  butadiene. 

Table  19. — Estimated  yields  of  butadiene  from  di-fferent  sources  and 
permissible  cost  of  agricultural  raw  materials 


Intermediate  and  process 


Butadiene 


Per  gallon  of  alcohol 


Per  bushel 
of  corn 


Present 


Antici- 
pated 


Equiva- 
lent 


Alcohol,  process  A  (using  synthetic  alcohol).. 
Alcohol,  process  B  (using  synthetic  alcohol).. 


Pounds 
2.3 
2.2 


Pounds     \     Pounds 

2.  5  ^      6.  25 

3.  0  ;      7.  5 


Permissible  cost  of  raw  material 


Raw  material ;  intermediate ;  assumed  vields 


Comparative  raw  material  gross 
value  based  on  obtainable  bu- 
tadiene yield  at  6  cents  per 
pound 


Corn;  alcohol;  2.5  gallons  per  bushel  =  6.25 
pound.s  butadiene  (process  A). 

Corn;  alcohol;  2.5  gallons  per  bushel  =  7.8 
pounds  butadiene  (process  B). 

Blackstrap  molasses;  alcohol;  0.4  gallon  alco- 
cohol  per  gallon  of  molasses=l  pound  bu- 
tadiene (i)er  gallon  molasses). 

Blackstrap  molasses  (process  A)  after  deduct- 
ing alcohol  processing  cost,  same  basis. 


37.5  cents  per  bushel  of  corn.' 
46.7  cents  per  Inishel  of  corn.' 
6.0  cents  per  gallon  of  molasses.' 

±  3.  6  cents  per  gallon  of  molasses 


'  From  these  gross  values  the  cost  of  producing  the  alcohol  must  be  deducted. 
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That  synthetic  rubber  cannot  be  made  competitively  from  alcohol 
produced  from  grain  at  ordinary  values,  seems  obvious  from  the  data 
presented  in  table  19  and  the  accompanying  tabulation.  Grain  costs 
seemingly  would  have  to  be  as  low  as  18  to  25  cents  per  bushel,  to  be 
competitive,  unless  alcohol-production  costs  from  grain  can  be  reduced 
greatly.  Bushel  values  as  quoted  in  table  15  present  little  induce- 
ment to  the  farmer.  In  comparison,  synthetic  alcohol,  alcohol  from 
sulfite  liquor  or  from  waste  wood  or  cellulosic  agricultural  wastes,  as 
well  as  that  from  molasses,  in  all  instances  are  or  may  be  producible 
eventually  at  costs  lower  than  from  grain.  Hence,  this  alcohol  outlet 
seemingly  does  not  present  favorable  opportunity  for  economic  future 
use  of  surplus  agricultural  products,  as  has  been  advocated  frequently, 
unless  offsetting  factors  materialize.  Grain  costs  above  the  economic 
base  value  presumably  would  have  to  be  offset  by  taxation  or  some 
form  of  Government  subsidy. 

In  any  event,  the  production  of  synthetic  rubber  from  farm  crops 
is  not  likely  to  constitute  a  significantly  large  market  for  such  crops, 
under  normal  conditions.  One  bushel  of  corn  would  represent  about 
8.7  pounds  of  rubber  (via  alcohol),  or  258  bushels  would  be  required 
for  1  long  ton  of  rubber.  The  future  over-all  rubber  demand  may 
average  around  1  million  tons.  Since  natural  rubber  probably  will 
be  used  to  a  great  extent,  and  since  other  forms  of  synthetic  rubber 
will  be  available,  while  the  bulk  of  the  GR-S  synthetic  product 
probably  would  be  made  from  petroleum,  the  maximum  anticipated 
production  of  such  synthetic  rubber  from  alcohol  might  not  exceed 
200,000  tons.  This  total  amount  would  represent  only  about  52 
million  bushels  of  grain.  Furthermore,  it  seems  possible  that  rubber 
production  from  alcohol  would  be  based  largely  on  synthetic  alcohol 
rather  than  on  grain  alcohol,  because  of  price  advantage,  unless  special 
legislation  existed  or  subsidies  were  employed. 

Alcohol  for  Motor  Fuel 

The  possibility  of  using  alcohol  as  a  fuel  for  internal-combustion 
engines,  particularly  in  airplanes,  motor  cars,  and  trucks  has  had 
public  interest  for  several  decades.  In  addition  to  technological 
aspects,  factors  relating  to  the  national  economy  have  become  a  part 
of  the  problem,  as  for  example,  the  possibilities  of  conserving  petro- 
leum reserves  or  the  utilization  of  surplus  or  wasted  farm  materials. 
Many  comprehensive  discussions  of  the  economic  significance  have 
been  published  {22,  15),  therefore,  only  a  brief  resume  will  be  pre- 
sented herein.  The  entire  subject  is  being  studied  extensively  at  the 
Northern  Regional  Research  Laboratory,  Peoria. 

Alcohol  might  be  used  to  develop  engine  power  as  a  straight  fuel,  as 
a  hlend  with  gasoline,  or  as  an  extra  fuel  injected  by  use  of  a  special 
device  during  periods  of  heavy  load  to  secure  improvement  in  the 
functioning  of  the  engine.  In  general,  the  first  method  seems  least 
likely  of  application,  owing  to  the  relatively  high  cost  of  alcohol. 
Gasoline  now  sells  at  refineries  (1949)  for  8  to  11  cents  per  gallon 
(formerly  5  to  6  cents).  A  gallon  of  ordinary  gasoline  represents 
around  110,000  to  130,000  British  thermal  units,  whereas,  a  gallon  of 
alcohol  might  yield  78,474  British  thermal  units;  therefore,  alcohol  as 
a  straight  fuel  has  only  about  70  percent  or  less  of  the  basic  calorific 
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power  of  gasoline.  Actually,  alcohol  may  have  a  better  relative 
position  than  thus  indicated,  since  many  other  factors  enter  into 
engine  functioning,  but,  at  best,  alcohol  is  more  expensive.  In  the 
second  instance,  mixtures  of  small  (5  to  10)  percentages  of  alcohol 
with  gasoline  are  more  feasible  since  the  net  fuel  cost  is  lower  (ap- 
proaching that  of  gasoline)  and  the  gasoline  may  be  improved,  owing 
to  increase  of  knock  rating  or  octane  number  effected  by  the  alcohol. 
Such  mixtures  or  blends  might  yield  engine  performance  (mileage, 
acceleration,  etc.)  relatively  comparable  to  gasoline,  under  average 
conditions.  Practically  all  the  economic  discussions  assumed  the  use 
of  such  blends,  until  recently. 

The  thhd  method  may  represent  a  further  decreased  fuel  cost  since 
the  alcohol  usually  is  employed  in  a  mixture  with  water  (50-50  up 
to  85-15),  and  is  used  only  when  additional  engme  power  is  required 
(take-off  of  airplanes;  climbing  hills,  or  accelerating  speed  of  motor 
cars).  Such  fuel  is  carried  in  a  separate  tank  and  used  automatically 
only  as  needed.  This  eliminates  the  necessity  of  using  alcohol  with 
all  of  the  gasoline  consumed,  as  in  the  case  when  both  are  used  as  a 
blend.  This  economy  is  possible  because  of  recent  realization  that  a 
high-octane  fuel  ordinarily  is  not  required  for  car  operation  at  light 
loads  and  low  speeds,  or  on  level  terrain,  imless  relatively  high 
cylinder  compression  is  used.  The  relative  total  amounts  of  alcohol 
likely  to  be  required  in  the  United  States,  assummg  that  all  cars 
were  operated  under  the  respective  methods,  would  be  greatest  with 
alcohol  as  a  straight  fuel  and  least  by  alcohol-water  injection.  The 
Northern  Regional  Research  Laboratory  is  studying  alcohol-injection 
performance  m  test  cars  and  tractors,  and  is  experimenting  with 
blended  fuels  in  a  specially  designed  motor-fuels  testing  laboratory. 

Proposals  for  alcohol  use  as  motor  fuel  stem  from  tln-ee  basic  con- 
siderations: {a)  Possible  future  shortages  of  petroleum  as  a  result  of 
depletion  of  irreplaceable  reserves  by  cmTent  rate  of  use,  Avhich 
eventually  may  necessitate  the  extensive  production  and  use  of  sub- 
stitute and  more  expensive  liquid  fuels;  (6)  possible  recurrence  of 
excessive  surpluses  of  farm  crops,  entailing  low  crop  price  levels,  or 
costly  Government  supports,  and  recognition  of  the  constant  annual 
losses  represented  by  low-grade  or  wasted  agricultural  materials;  and 
(c)  former  use  of  alcohol  fuels  in  foreign  countries  which  were  or  are 
deficient  in  petroleum  resources.  The  programs  in  use  in  the  last 
instance  have  varied  from  year  to  year  in  respective  countries,  and 
ordinarily  have  been  uneconomic  unless  measured  by  standards  of 
national  defense  or  welfare.  Since  such  programs  at  best  were  of 
make-shift  character,  discussion  of  this  phase  is  omitted  herein. 
Pi'(*sent  arguments  for  alcohol  fuel  use  usually  embrace  considerations 
(a)  and  {h)  simultaneously,  hence  pertinent  data  on  each  are  presented 
in  the  sections  that  follow. 

Petroleum  Supplies  and  Potential  Substitutes 

The  extent  of  our  below-ground  petroleum  reserves  has  been  a 
matter  of  controversy.  Consumption  has  increased  greatly,  over  pre- 
war years,  the  rate  for  1948  being  5.6  million  barrels,  or  235  million 
gallons  of  crude  petroleum  per  day,  wdiile  discovery  of  new  oil  fields 
has  fallen  off.     Estimates  of  so-called  proven  reserves  meanwhile  have 
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been  amended  from  about  12  billion  barrels  in  1935,  to  23  billion 
barrels  (January  1,  1948),  despite  annual  withdrawals  averaging  about 
1.7  billion  barrels  during  that  period.  In  1948  withdrawal  rates  had 
risen  to  2  billion  barrels  annually,  yet  the  estimated  reserves  have 
increased  to  24.8  billion  barrels  as  of  January  1949.  This  increase  of 
the  reserve  estimate  has  been  achieved  largely  by  frequent  recalcula- 
tion of  the  potential  withdrawals  of  oil  from  the  ground  (to  amounts 
believed  to  be  possible  wdth  improved  operation),  since  new  oil  pool 
discoveries  have  averaged  only  about  a  half  billion  barrels  annually, 
in  recent  years,  and  dropped  to  209  million  in  1948. 

Trends  indicate  a  possible  future  utilization  rate  of  7  million  barrels 
daily.  However,  new  oil  is  becoming  more  expensive  to  discover 
and  produce.  Wells  are  being  driven  to  deeper  levels,  and  a  larger 
percentage  of  drillings  are  dry  holes.  Hence,  the  cost  of  replacing 
the  oil  currently  being  used  is  increasing  annually.  As  underground 
supply  diminishes,  the  rate  of  flow  will  decrease  so  that,  long  before 
the  reserves  are  entirely  depleted,  oil  recovery  costs  will  have  increased 
and  production  rate  diminished. 

While  there  are  now  approximately  4,000  producing  fields  in  this 
country,  about  48  percent  of  the  oil  production  comes  from  111  major 
fields  that  contain  about  60  percent  of  the  estimated  total  reserves. 
Therefore,  the  flow  from  large  fields  (of  100  million  barrels  each) 
must  be  sustained  if  daily  production  is  to  be  sustained  at  present 
levels.  This  means  that  new  major  fields  must  be  discovered  as 
rapidly  as  the  older  ones  decline  in  productivity.  In  the  period 
1940-47  only  eight  major  fields  of  such  size  were  discovered.  If  this 
rate  is  not  mcreased,  prospects  for  increasing  our  present  production 
level  are  not  encouraging. 

At  present,  68  percent  of  the  known  world  supply  of  petroleum  is 
located  outside  the  United  States  according  to  J.  E.  Pogue  (18,  p.  59) ; 
eventually  the  United  States  may  have  only  10  percent  of  the  total 
supply.  Meanwhile,  besides  being  a  relatively  ideal  fuel  and  a  first 
line  of  defense,  petroleum  also  is  becoming  a  chemical  raw  material  or 
source  of  new  compounds  {^4,  PP-  136,  140)  (dyestuffs,  insecticides, 
textile  finishes,  solvents,  adhesives,  paints,  pharmaceuticals,  etc.). 
The  use  of  oil  for  fuel  also  has  increased  greatly.  Therefore,  the 
development  of  a  new  supply  source  of  liquid  fuel  seems  imperative. 
Apparently,  about  2  million  barrels  per  day  must  be  obtained  from 
sources  other  than  domestic  petroleum,  to  meet  the  future  demands. 
Creation  of  such  amounts  of  fuel  by  synthesis  will  constitute  a  vast 
undertaking. 

Chief  liquid  fuel  replacement  sources  now  in  sight  are :  (a)  Imported 
petroleum;  and  synthetic  products  from  (b)  natural  gas  (4^,  pp. 
1244-49)  or  from  waste  petroleum  or  other  gases;  (c)  coal  gases  {32); 
(d)  hydrogenation  products  from  coal  (32) ;  (e)  shale  oil  from  shale 
rock;  (/)  oil  from  tar  sands;  and  (g)  alcohol  or  other  chemical  com- 
pounds producible  from  vegetation  (carbohydrates).  In  every 
instance  direct  or  indirect  consumption  of  irreplaceable  natural 
reserves  is  indicated.  In  the  case  of  alcohol  derived  from  annually 
renewable  agricultural  materials,  the  interaction  of  sunshine,  air, 
water,  and  soil  is  utilized,  of  which  only  the  soil  is  depleted.  Since 
such  soil  can  be  restored  almost  continually,  this  source  represents, 
therefore,  a  less  serious  drain  on  national  mineral  resources,  principally 
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for  the  fuel  necessary  for  processing.  Such  advantage  of  easy  supply 
might  outweigh  the  nommal  unit-cost  advantage  of  present  materials, 
from  a  national  standpoint,  particularly  if  the  opportunity  thus 
afforded  for  utilizmg  excess  farm  materials  to  benefit  agricultural 
economy  is  suitably  developed. 

The  development  of  any  synthetic-fuel  industry  will  entail  a  large 
investment  in  plants  for  producing  such  materials,  since  such  facilities 
do  not  yet  exist.  Consumption  of  gasolme  (taxed  for  highway  use) 
currently  is  around  28  billion  gallons  per  year.  It  would  require 
2.8  billion  gallons  of  alcohol  annually,  therefore,  to  convert  all  this 
consumption  to  a  10  percent  alcohol-gasolme  blend  basis.  This  might 
be  considered  as  equivalent  to  perhaps  150  million  barrels  of  original 
crude  petroleum,  and  would  necessitate  construction  of  700  alcohol 
plants  of  4  million  gallons  annual  productive  capacity,  or  equivalent 
larger  plants,  representing  perhaps  700  million  dollars  capital  invest- 
ment. However,  even  such  investment  seemingly  is  less  than  what 
would  be  required  to  produce  equivalent  amounts  of  fuel  from  coal, 
shale  oil,  or  gas. 

Since  excess  alcohol  manufacturing  capacity  exists,  over  ordinary 
commercial  needs,  it  might  be  possible  to  produce  upward  of  300 
million  gallons  annually  from  existing  plants,  as  a  quick-start  on  any 
program.  A  further  annual  investment  might  be  necessary  to  equalize 
the  costs  of  bringing  alcohol  from  grain  into  proper  cost  relationship 
with  gasoline. 

Published  estimates  vary  widely  but  Lane  and  Weil  {16,  pp. 
587-598)  indicate  that  it  may  require  an  investment  of  at  least  $2,500 
to  $4,000  per  daily  barrel  of  liquid  synthetic  petroleum  production 
from  natural  gas.  Investment  for  a  plant  usmg  gasified  coal  mav 
run  from  $9,000  to  $10,000  (20,  pp.  574-577)  on  such  basis. 

Since  only  part  of  such  crude  product  would  be  gasoline,  the 
production  of  only  10  percent  of  the  present  total- national  annual 
gasoline  consumption  (±70  million  barrels)  would  require  the  invest- 
ment of  perhaps  4  billion  dollars  and  the  building  of  many  plants. 
The  Hydrocol  plant  (capacity  5,800  barrels  of  gasoline  per  day,  or 
89  million  gallons  per  year,  plus  1,200  barrels  of  Diesel  fuel)  now 
under  erection  originally  was  expected  to  cost  19  million  dollars 
(1),  but  under  present  conditions  the  cost  may  be  doubled.  This 
plant  will  require  64  million  cubic  feet  of  natural  gas,  plus  40  million 
cubic  feet  (or  1,760  tons)  of  oxygen  per  day. 

On  such  basis  the  production  of  a  mere  10  percent  of  our  present 
gasoline  consumption  would  require  about  32  similar  plants  and 
a  consumption  of  about  2  billion  cubic  feet  of  gas  per  day.  Production 
of  all  the  gasoline  now  used  thus  would  cut  into  natural  gas  reserves 
at  the  rate  of  7.3  trillion  cubic  feet  annually,  or  one  and  one-half  times 
our  present  consumption  of  gas  for  all  purposes.  Total  natural  gas 
reserves  are  now  estimated  at  about  160  trillion  cubic  feet  (1947). 

To  produce  100  barrels  of  synthetic  fuel  from  coal  by  hydrogenation 
requires  about  65  tons  of  coal.  Production  of  1  million  barrels  per  day 
(one-fifth  of  present  total  petroleum  requirements)  would  require 
650,000  tons  of  coal  per  day  or  237  million  tons  per  year.  The  entire 
coal  production  in  1941  was  511  million  tons,  hence  the  production  of 
all  our  present  liquid  fuel  from  coal  would  requu-e  more  than  twice 
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the  entire  quantity  of  coal  mined  in  1941,  and  leave  no  coal  production 
for  other  purposes.  According  to  Dr.  Bruce  K.  Bro^^TL  (9,  pp.  190, 
376)  the  production  of  10  percent  of  our  present  gasoline  consumption 
from  coal  seemingly  would  requh-e  an  investment  of  2.5  billion  dollars. 
The  cost  of  compressed  hydrogen  represents  about  50  percent  of  the 
total  cost  of  the  oil.  Plant  costs  are  estimated  at  400  million  dollars 
for  50,000  barrels  of  crude  oil  per  day. 

The  situation  as  to  production  from  shale  oil  is  in  the  same  category, 
when  the  handling  of  the  vast  amounts  of  shale  and  spent  rock  are 
considered.  In  each  of  the  foregoing  instances  plants  for  the  entire 
industry  would  have  to  be  constructed  (9).  Present  data  {20,  pp. 
574-577)  indicate  that  shale-oil  plants  will  require  an  investment  of 
about  $2,000  per  daily  barrel  (42  gallons)  output  of  crude  oil.  Esti- 
mates of  the  cost  of  the  crude  oil  range  from  $1.75  to  $2.75  per  barrel. 
Paraffin  waxes,  tar  acids,  etc.,  are  recoverable  as  byproducts.  About 
30  gallons  of  oil  can  be  obtained  from  a  ton  of  average  Colorado  shale, 
though  various  shales  will  contain  from  15  to  80  gallons  per  ton.  Cost 
of  mining  may  run  50  to  60  cents  per  ton.  Present  indications  are  that 
refined  shale  oil  is  more  suitable  for  Diesel  engine  fuel  than  for  motor 
car  operation.  Quality  of  the  oil  may  perhaps  be  improved  by  hydro- 
genation,  since  the  hydrocarbons  present  are  largely  olefinic. 

It  appears  evident,  therefore,  that  any  liquid-fuel  production  pro- 
gram wall  be  extremely  expensive  and  require  a  long  development 
period,  regardless  of  the  degree  of  accuracy  of  the  predictions.  Im- 
portation of  petroleum  may  be  the  least  expensive  method  of  extend- 
ing present  reserves,  but  it  has  the  serious  objection  of  possible  inter- 
ruption of  supply  in  time  of  war.  Use  of  alcohol  as  a  partial  source  of 
motor  fuel  seems  to  merit  consideration — provided  that  raw  materials 
are  available  in  suflicient  quantity  and  at  commensurate  cost. 

Agricultural  Aspects 

Alcohol  production  for  fuel  purposes  seemingly  would  have  to  come 
from  agricultural  sources  and  involve  fermentation  processes.  Such 
production  probably  would  be  based  largely  on  the  cereal  crops,  al- 
though certain  other  crops  (fruits,  beets,  potatoes)  might  find  some 
utilization  at  times.  Certain  cuUs,  wastes,  or  low-grade  materials 
might  be  used  also  to  a  lesser  and  uncertain  extent.  The  program 
might  be  set  up  merely  as  a  scavenger-type  industry,  producing  such 
amounts  of  alcohol  as  might  be  obtainable  from  surplus  or  wasting 
crops  from  year  to  year,  or  it  might  visualize  the  growing  of  crops 
specifically  for  industrial  use,  or  some  combination  of  the  two  methods. 
At  present  rates  of  crop  production  only  a  portion  of  the  vast  quantity 
of  alcohol  that  would  be  needed  for  a  large-scale  alcohol-fuel  program 
could  be  provided.  Some  extension  of  present  crop  acreages  may  be 
possible,  but  limitations  exist. 

Under  the  former  normal  agricultural  production  and  marketing 
situation,  some  crops  at  times  were  produced  in  excess  amounts,  re- 
sulting in  a  siu*plus  which  disturbed  the  price  structure.  The  result 
usually  was  a  loss  to  the  farmer — either  directly  on  the  unsold  amounts 
or  indirectly  thi-ough  the  depressed  market  price — this  being  particu- 
larly true  if  the  crop  was  perishable.  If  the  crop  was  relatively  non- 
perishable,  the  hold-over  sm-plus,  if  large,  aft'ected  the  market  in  sub- 
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sequent  years.  Under  present  price  support  programs  the  fluctuation 
in  supply,  or  production  of  excess  amounts  still  continues,  but  the 
expense  and  losses  largely  are  transferred  from  the  individual  farmer 
to  the  Government.  The  same  factors  continue  to  exist.  Also,  in 
average  as  well  as  in  bumper  crop  years,  accumulations  of  culls  of  cer- 
tain crops  occur  at  sorting  or  shipping  points  and  these,  as  well  as  the 
crop  surpluses,  should  have  some  method  of  economic  utilization. 
Because  of  the  large  potential  amounts  involved,  the  motor  fuel  outlet 
seems  to  be  the  one  possible  industrial  use  that  in  normal  times  might 
be  able  to  absorb  these  materials,  if  prices  were  properly  adjusted. 
The  whole  problem  is  as  much  economic  as  technical. 

Some  idea  of  the  magnitude  of  the  fuel-alcohol  problem  is  sho^\Ti  by 
the  following  estimates:  Assuming  that  15  percent  of  any  carbohydrate 
food  crop  normally  represents  culls,  surplus,  and  waste  which  might 
become  available,  and  that  it  were  possible  to  collect  and  process 
successfully  all  this  material,  the  alcohol  obtainable  from  all  the  grain, 
fruit,  and  other  carbohydrate  crop  surpluses  and  wastes  (22  crops  in 
1935,  as  representing  a  normal  year)  may  be  estimated  as  about 
1,650,000,000  gallons.  Therefore,  the  alcohol  potentially  produced 
from  such  vast  amounts  of  raw  material  would  represent  only  about  6 
percent  of  the  volume  of  gasoline  used  thi'oughout  the  country  as 
motor  fuel. 

As  far  as  industrial  crops  are  concerned,  if  corn  alone  were  used  as 
raw  material,  for  example,  approximately  1  billion  bushels,  or  more 
than  one-third  of  a  normal  crop,  would  be  required  to  make  the  alcohol 
necessary  for  replacing  one-tenth  of  the  gasoline  annually  used.  The 
replacement  of  all  the  gasoline  by  alcohol  is  at  present  inconceivable. 

The  production  of  alcohol  from  farm  products,  therefore,  might 
have  as  objectives  either  (1)  the  recovery  of  all  possible  values  from 
materials  not  economically  utilized  at  present,  or  (2)  the  stabilization 
of  crop  prices.  Approached  from  a  basis  of  an  alcohol  program  for  the 
benefit  of  agriculture  only,  it  appears  that  the  production  of  alcohol 
in  large  quantities  would  not  be  necessary  to  attain  program  results. 
Particularly,  crop  price  stabilization  might  be  achieved  by  mere  re- 
moval of  cash  grain  surpluses,  which  usually  might  average  perhaps 
300  million  bushels  for  any  particular  cereal  crop. 

The  production  of  alcohol  for  motor  fuel  use  from  a  variety  of  farm 
crops  would  entail  the  problem  of  equalization  of  alcohol  costs,  since 
these  costs  would  be  different  for  every  raw  material.  This  use  would 
be  further  complicated  b}^  the  geographical  locations  of  such  surplus 
farm  products. 

Any  industrial  use  of  crops  necessarily  would  have  to  be  based  on 
continued  ample  supplies  and  stable  price  levels.  Since  the  alcohol 
produced  undoubtedly  would  have  to  sell  at  a  common  price  which 
did  not  fluctuate  to  an  unreasonable  extent,  it  seems  obvious  that 
any  such  program  could  be  dealt  with  eft'ectually  only  b}^  a  compre- 
hensive program  integrated  to  national  agricultural  situations. 
Therefore,  control  of  the  whole  program  logically  should  best  be 
centered  in  an  appropriate  agency  of  the  Government.  While  minor 
alcohol  production  by  independent  groups  might  be  effective  in 
utilizing  the  surpluses  and  culls  of  and  in  a  particular  local  area,  any 
such  attempt  of  significant  size  would  immediately  come  into  com- 
petition with  the  connnercial  production  of  alcohol  and  the  prevailing 
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price  levels.  Alcohol  production  on  a  relatively  local  scale  would  be 
faced  with  high  transportation  charges  on  raw  material  if  the  area 
extends  too  far  from  a  central  point.  This  would  be  emphasized 
particularly  in  the  case  of  cull  materials  and  would  constitute  a 
limitation  on  the  possible  size  of  such  independent  operations. 

The  present  commercial  production  of  ethyl  alcohol  from  standard 
sources  such  as  molasses  and  grain,  or  by  synthesis,  sets  a  com- 
petitive price  standard  which  must  be  met,  ordinarih'.  Crop  culls 
and  wastes  usually  constitute  poorer  materials  that  are  relatively 
unsalable  under  usual  market  conditions.  Such  material  may  be 
relativeh^  low  in  carbohydrate  content,  and  it  ma}'  contain  dirt, 
excess  moisture,  fungi  (molds),  etc.  The  cost  of  the  alcohol  produced 
from  such  sources  may  be  expected  to  be  correspondingly  high. 

Many  of  the  possible  cull  materials  are  highly  perishable  and  will 
be  lost  unless  processed  with  reasonable  speed.  Aloreover,  the  avail- 
able quantities  vary  from  year  to  year.  A  program  of  alcohol  produc- 
tion from  these  materials  involves  the  maintenance  of  alcohol  plants 
and  personnel  at  central  points,  and  such  plants  must  have  enough 
available  raw  materials  to  assure  year-round  operation  for  every 
year.  It  is  not  economical  to  build  expensive  alcohol  plants  and 
then  depend  on  sporadic  operation  as  local  cull  materials  become 
available.  It  would  be  difficult  for  such  plants  to  maintain  adequate 
technical  supervision  without  incurring  relativeh'  high  per-gallon 
costs. 

The  setting  up  of  a  mere  sort  of  scavenger  industry — to  make 
indeterminate  and  varying  amounts  of  alcohol  sporadically  from 
such  cull  materials  as  may  become  available,  for  the  manufacture  of 
blended  fuels  of  nonstandard  quality — is  not  likely  to  yield  results 
satisfactory  to  the  agricultural  program  or  to  the  motoring  public. 

In  general,  the  use  of  farm  products  at  food  prices,  in  industrial 
uses,  involves  excessive  costs.  The  ideal  program  would  utilize  cuUs 
and  low-grade  materials,  close  to  their  source,  at  industrial  raw  mate- 
rial values,  leaving  the  high-grade  portions  of  the  crop  available 
for  food  use. 

As  an  approach  to  a  study  of  the  agricultural  problems  thus  pre- 
sented, the  Bureau  of  Agricultural  and  Industrial  Chemistry  has 
maintained  the  previously  described  small  experimental  alcohol  plant 
at  Peoria.  Under  a  Congressional  enactment,  signed  by  the  President 
on  July  2,  1948  (Public  Law  890),  the  three  Government-owned 
grain  alcohol  plants  located  at  Muscatine,  Iowa,  Omaha,  Nebr.,  and 
Kansas  City,  AIo.,  have  been  placed  under  the  authority  of  the  United 
States  Department  of  Agriculture.  The  Department  is  authorized 
to  use  such  plants  for  the  disposal  of  crop  sm-pluses,  or  for  experi- 
mental studies  on  surplus  utilization. 

Any  large  and  continuing  exportation  of  American  crops  may 
preclude  the  possibility  of  developing  a  sound  or  extensive  alcohol 
motor  fuel  program  during  such  period. 
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HOL.     Bur.  of  Int.  Rev.  Appendix  to  Regulat.  3.     27  pp. 


(27) 

(28) 

(29) 
(30) 

(31)    

1943.       LABELING    AND    ADVERTISING    OF    DISTILLED    SPIRITS.       Bur.    of    Int. 

Rev.  RegiUat.  5.     56  pp. 

(32)  United  States  Bureau  of  Mines 

1946.     review     of    fischer-tropsch    and     related     processes    for 
synthetic  liquid   fuel  PRODUCTION.     Inform.   Cir.  IC  7366. 

24  pp. 

(33)  United  States  Department  of  Agricultire 

1942-48.     distillers'  dried   grains  production.     Prod,  and   Market. 
Admin.    Monthly  Rpts. 

(34) 


1933.  USE  of  alcohol  from  farm  products  in  motor  fuel.  Letter 
from  the  Secretary  of  Agriculture.  U.  S.  Cong.  73d,  1st  Sess., 
Sen.  Doc.  57,  55  pp.     ^Yashington,  D.  C. 

(35)  United  States  Federal  Alcohol  Administration 

1939.  regulations  4  relating  to  labeling  and  advertising  of 
WINE.     34  pp. 

(36)  United  States  Office  of  Rubber  Reserve 

1946.  report  on  the  rubber  program.  Supplement  Xo.  1,  1945. 
62  pp.     Washington,   D.   C. 

(37)  United  States  Rubber  Reserve  Company 

1945.  report  on  the  rubber  program  1940-1945.  87  pp.  Washington, 
D.  C. 
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(38)    United  States  Senate 

1942.  UTILIZATION  OF  FARM  CROPS;  INDUSTRIAL  ALCOHOL  AND  SYN- 
THETIC RUBBER.  Hearings  on  S,  Res,  224,  before  a  subcommit- 
tee of  the  Committee  on  Agriculture  and  Forestry,  U.  S.  Senate. 
77th  Cong.  2d  Session.      (10  Parts)  Part  II. 

(39) 


1944.  INVESTIGATION  OF  THE  ALCOHOLIC  BEVERAGE  INDUSTRY PROG- 
RESS  REPORT.      Cong.    Rec.    90    (5):   6738-6743. 

(40)  United  States  Supreme  Col'Rt 

1947.  transcript  of  hearings,  October  term.  Publicker  Industries 
Inc.  Petitioner  J.  Chester  Bowles,  Price  Administration  No. 
250,  569  pp. 

(41)  United  States  Tariff  Commission 

1942.  industrial  molasses.  Maximum  Foreign  Supply  Survey.  21 
pp.     [Mimeographed.] 

(42) 


1947.       industrial     molasses,     supply,     and     utilization,     1943-46.        (TO 

25919). 

(43)    United  States  War  Production  Board 

1944.  Special  report  of  Office  of  Rubber  Director  on  synthetic  rubber 
program  plant  investment  and  production  costs.  26  pp. 
Washington,   D.   C. 

(44) 


1946.     ALCOHOL    policies    of    the    war    production    board.     Special 
Study  Xo.  16.     131  pp. 


(45)    

1944.     PROGRESS  report  on  industrial  ALCOHOL,     (Bur.  of  Chemicals) 

(46)  Wilson  R.  E. 

1944.     LIQUID     fuels     from     non-petroleum     sources.     Chem,     and 
Engin,  News.     22  (15):  1244-1249. 

SOURCES  OF  ADDITIONAL  INFORMATION 

The  following  section  has  been  included  because  of  frequent  in- 
quiries received  in  past  years  for  this  type  of  information. 

Manufacturers   of   Fermenting.   Distilling,   and   Feed-Recovery 

Equipment 

E.  B.  Badger  &  Sons  Co.,  Boston,  Mass.  Atlas  Copper  and  Brass  Mfg.  Co.,  Chicago.  111. 

S.  D.  Hicks  &  Sons  Co.,  Hvde  Park,  Boston,  Mass.  Chicago  Bridge  and  Iron  Co..  Chicago,  111. 

The  Lummus  Companv,  New  York,  N.  Y.  J/  ?•  Devine  Mfg.  Co.,  Mt.  Vernon,  Ell. 

Theo.  Walter  Copper  Works,  Inc.,  Newark,  xX.  J.  ^'.'jtco  S     ^^^^' 

Acme  Coppersmithing  and  Machine  Co.,  Oreland,  Loiiisv'ille  Dryer  Corporation,  Louisville,  Ky. 

P^-  Davenport  Foundrv  and  Machine  Co.,  Davenport, 
Blaw-Knox    Co.,    Pittsburgh,    Pa.,  and    Buflovak       lowa 

Equipment  Division,  Buffalo,  X.  Y.  Adt  Dryer  Corporation.  Baltimore,  Md. 

Vulcan  Copper  and  Supply  Co.,  Cinciimati,  Ohio  Swensou  Evaporator  Co.,  Harvey.  111. 

Ansonia  Copper  and  Iron  Works,  Inc.,  Cincinnati,  Goslin-Birmingham  Mfg.  Co..  Birmingham,  Ala. 

Ohio  U.  S.  Pipe  and  Foundry  Co..  Burlington,  X.  .1. 

Some  fu-ms  normally  will  undertake  to  furnish  complete  plant  in- 
stallations; others  specialize  on  certam  types  of  equipment. 

In  listing  the  names  of  these  firms  no  guaranty  is  implied,  nor  is  it 
to  be  understood  that  these  firms  are  recommended  over  others  who 
may  be  engaged  in  the  same  line  of  business  but  whose  names  are  not 
listed.  The  names  have  been  obtained  from  commercial  registers 
of  maimfacturers,  or  other  sources,  for  the  information  and  assistance 
of  correspondents.  However,  much  of  the  equipment  now  in  use  in 
the  distillation  industries  originated  from  firms  listed. 
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Prices 

Current  prices  of  industrial  alcohol,  blackstrap  molasses,  and  other 
alcohols  or  chemicals:  Chemical  Industries,  published  monthly  by 
Chemical  Markets,  Inc.,  Pittsfield,  Mass.;  Oil,  Paint  and  Drug 
Reporter,  published  weekly  by  Schnell  Publishing  Co.,  Inc.,  New 
York,  N.  Y. ;  Chemical  and  Engineering  News,  published  biweekly  by 
the  American  Chemical  Society,  Washington,  D.  C;  and  other  trade 
journals.. 

Distillers'  Stillage  as  Feeds 

Many  State  experiment  stations  have  issued  bulletins  on  stock 
feeding.  The  Illinois,  Iowa,  Kentucky,  Nebraska,  and  Ohio  stations 
particularly  might  be  consulted.  Reports  of  the  annual  meetings  of 
the  Distillers'  Feed  Research  Council,  Inc.,  Cincinnati,  Ohio,  contain 
much  specific  information. 

Patents 

The  United  States  Patent  Office,  Washington  25,  D.  C,  will  supply 
copies  of  specifications  for  United  States  patents  at  25  cents  each,  and 
information  in  regard  to  the  procedure  in  obtaining  copies  of  any 
foreign  patents  covering  processes  for  the  manufactm-e  of  alcohol 
from  various  raw  materials.  Some  libraries  maintain  files  of  the  more 
important  patents  on  various  subjects,  which  may  be  consulted. 

Literature 

Data  on  various  aspects  of  alcohol  production  or  use  ordinarily  may 
be  obtained  from  any  well-equipped  library.  The  following  sources 
are  suggested,  although  these  include  only  a  small  part  of  the  informa- 
tional literature  existing.  Further  sources  also  are  indicated  in  the 
literature  cited  in  the  text  of  this  publication. 

Government  publications  may  be  purchased  from  the  Superin- 
tendent of  Documents,  Washington,  D.  C,  if  supplies  are  not  ex- 
hausted.^^ Prepayment  is  required  and  should  be  made  in  cash 
(exact  amount)  or  by  postal  or  express  money  order  payable  to  the 
Superintendent  of  Documents.  Alany  libraries  maintain  files  of 
bulletins,  patents,  and  lists  of  publications  and  other  Government 
releases. 

Anonymous 

1942.   A  MODERN  DISTILLERY.     Chem.   &  MetaL  Engin.  49   (11):   126-129.     A 
flow  sheet. 


1945.  ALCOHOL  FROM   PETROLEUM.     Chem.   &   Metal.   Engin.   52   (11):  96-98. 


1945.    ETHYL    ALCOHOL    FROM    REFINERY    ETHYLENE.       Chem     &     Metal.     Engill. 

52:  96-98,  136-139. 

American  Petroleum  Institute 

1940.  POWER    alcohol:    history    and    analysis.     Survey    Report.     58    pp. 
Committee  on  Motor  Fuels,  New  York 

2^  Many  of  the  earlier    publications    are  of  historic  interest  principally,   and 
technically  are  outdated. 
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Aries,  Robert  S. 

1942.   CHEMICAL  UTILIZATION'  OF  WOOD  WASTE.     Chem.  Indus.  51:  190-197. 


1947.  INDUSTRIAL  ALCOHOL.  Ill  Encyclopedia  of  Chemical  Technology,  v.  1, 
p.  252-288.     Interscience  Encyclopedia,  New  York. 

Basore,  C.  a. 

1921.  PROCESS  for  the  production  of  ALCOHOL  FROM  GAS  CONTAINING  ETH- 
YLENE. (U.  S.  Patent  Xo.  1,385,515).  U.S.  Patent  Office,  Off.  Gaz. 
288:  673. 

Beresford  H..  and  Christensen,  L.  "SI. 

1941.  the  production  of  ethyl  alcohol  from  cull  potatoes  and  other 
FARM  crops.     Idaho  Agr.  Expt.  Sta.  Bui.  241,  18  pp. 

Bergius,  Friedrich 

1925.  method  of  treating  products  of  hydrolysis  of  cellulose.  (U.  S. 
Patent  Xo.  1,547,893.)      U.  S.  Patent  Office,  Off.  Gaz.  336:  969. 

Boruff,  C.  S.,  and  Weiner,  L.  P. 

1937.    TECHNOLOGY    TRANSCENDS    HERITAGE    IN    MODERN    DISTILLERY    PRACTICE. 

Chem.  &  Metal.  Engin.  44:  192-195. 

Bridgeman.  O.  C. 

1936.  utilization  of  ethanol-gasoline  blends  as  MOTOR  FUELS.  Indus,  and 
Engin.  Chem.  28:  1102-1112. 

Brooks,  B.  T. 

1932.  process  for  the  sulfation  of  ethylene  and  the  sulfation  of  a 

MIXTURE  OF  ETHYLENE  AND  PROPYLENE.        (U.  S.  Patent  X'o.   1.885,585.) 

U.  S.  Patent  Office,  Off.  Gaz.  424:  165. 


1933.   PROCESS   OF   MAKING   ETHYL   ALCOHOL.      (U.    S.    Patent   X'o.    1,919,618.) 
U.  S.  Patent  Office.  Off.  Gaz.  432:  898. 


1935,  SYNTHETIC  ALCOHOLS  AND  RELATED  PRODUCTS  FROM  PETROLEUM.       IndllS. 

and  Engin.  Chem.  27:  278-288. 
Brown,  A,  R.,  and  X^ash,  A.  W. 

1933.    THE  POLYMERIZATION  OF  GASEOUS  OLEFINES  AS  A  SOURCE  OF  LIQUID  FUELS. 

World  Petrol.  Cong.  Proc,  v.  2,  pp.  774-780.     London. 

Brownlie,  David. 

1940.   wood  as  a  CHEMICAL  RAW  PRODUCT.     Chem.  and  Indus.  59:  671-675. 

Christensen,  Leo  M. 

1936.  alcohol  oasoline  blends.     Indus,  and  Engin.  Chem.  28:  1089,  1094. 

COTELLO.  E.  A. 

1864.    improved     mode      of     manufacturing     alcohol     FROM     OLEFIANT     GAS. 

(U.  S.  Patent  Xo.  41,685.)      U.  S.  Patent  Office,  Off.  Gaz.  1:  302. 

Dixon.  H.  B. 

1920.  RESEARCHES  ON  ALCOHOL  AS  AN  ENGINE  FUEL.      Soc.  Automotive  Engin. 

Jour.  7:  521-524. 

Farmer,  R.  C. 

1921.  INDUSTRIAL  AND  POWER  ALCOHOL.     110  pp.     I.  Pitman  and  Sons,  Ltd., 

New  York,  London. 

FOTH,   G. 

1929.   HANDBUCH  DER  SPIRITUS  FABRiKATioN.      1139  pp.     Paul  Parcy,  Berlin. 
[In  German] 


1935.    DIE  PRAXIS  DES  BRENNEREIBETRIEBES  AUF  WISSENSCHAFTLICHER  GRUND- 

LAGE.     359  pp.     Paul  Parey,  Borhn.      [In  German.] 
Gardner,  E.  D.,  and  Bell,  C.  M. 

1942.    PROPOSED     METHODS     AND     ESTIMATED     COSTS     OF     MINING     OIL     SHALE     AT 

rulison.  COLO.     U.  S.  Bur.  Mines  Inform.  Cir.  7218,  59  pp. 
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Gray.  R.  B. 

1933.  PERFORMAXCE    TESTS    OF    ALCOHOL-GASOLIXE    FUEL    BLENDS.        AgT.    Ellgin. 

14:  185. 
GrixoT.  H. 

1934.  IMPROVEMEXTS    IX    THE    PRODUCTIOX    OF    ABSOLUTE    ALCOHOL.       Intematl. 

Sugar  Jour.  36:  24. 

Haxsox,  F.  S. 

1942.  ETHYL  ALCOHOL  FROM  SULFITE  WASTE  LIQUOR.  Paper  Trade  Jour.  115 
(24):  37-40. 

Harris.  E.  E. 

1944.  hydrolysis  of  wood  by  percolatiox  with  dilute  sulfuric  acid  axd 
the  fermextatiox  of  the  resultixg  wood  liquors.  u.  s.  dept 
Agr.  Forest  Products  Lab.  Mimeo.  R1446,  58  pp.  Madison.  Wis 
Accompanied  by  32  additional  pages  of  graphs  and  tables. 


1945.   SACCHARiFiCATiox  OF  WOOD.     U.   S.    Dept.   Agr.   Forest   Products  Lab. 

Mimeo.  R1475.  13  pp.      Madison,  Wis. 

Accompanied  by  11  additional  pages  of  charts  and  tables. 
et  al. 


1946.    FERMEXTATIOX     OF    DOUGLAS-FIR     HYDROLYZATE     BY    .S.     cerevisiae.        U.     S. 

Dept.  Agr.  Forest  Products  Lab.  Rpt.  R1618,  13  pp.      Madison.  Wis. 
Accompanied  by  14  additional  pages  of  tables  and  graphs, 
and  Beglixger.  Edward 


1946.  THE  MADisox  WOOD-SUGAR  PROCESS.     L'.  S.  Dept.  AgT.  Fopcst  Products 
Lab.  Rpt.  R1617.  14  pp.      Madison,  Wis. 
Accompanied  by  6  additional  pages  of  tables  and  charts. 

Hatt.  H.  X 

1945.  ALCOHOL.  ITS  PLACE  IX  ORGAXic  CHEMICAL  ixDUSTRY.  Commonwealth  of 
Australia.  Council  for  Scientific  and  Industrial  Research  Bui.  187.  51 
pp.     H.  E.  Daw,  Government  Printer.  Melbourne. 

HUBEXDICK,   E. 

1937.  TRIALS   OF   A   PRODUCT   CALLED    "•LATTBEXTYL"    USED    FOR   TEX   YEARS   AS   A 

MOTOR  FUEL  IX  swEDEX.     Cong.  Intematl.  Tech.  et  chimie  des  Indus. 
Agr..  Holland  Compt.  Rend.  5th  Cong.  2:  640-670. 

Jacobs,  P.  B.,  axd  Newtox.  H.  P. 

1938.  motor  FUELS  FROM  FARM  PRODi"CTs.     U.  S.  Dept.  AgT.  Misc.  Pub.  327, 

129  pp.     Out  of  print. 

Discussion  of  the  alcohol  motor  fuel  problem,  including  crop  statistical 
information:  chemical  technology:  alcohol  plant  construction;  operation 
and  costs;  substitute  fuels,  and  general  economics. 


1945.  ALCOHOL  FROM  AGRICULTURAL  COMMODITIES.     L'.  S.  Dept.  AgT.  Bur.  Agr. 

Indus.  Chem.  AIC-95,  77  pp.     Peoria,  111. 

A  study  of  the  alcohol  industry,  post-war  markets,  and  technical  phases 
of  plant  operation. 

Keith.  P.  C. 

1946.  GAsoLixE  FROM  XATURAL  GAS.    Oil  and  Gas  Jour.  45  (5):  104-112. 

Klar.  M. 

1937.  fabrikatiox  vox  absolutem  alkohol,  zwecks  verwexduxg  als 
zusATZMiTTEL  zu  MOTOR-TREiBSTOFFEx.  2d  Ed.  91  pp..  Wm.  Knapp, 
Halle.     [In  German.] 

KxEEx,  E..  and  Beckord.  L.  D. 

1946.    QUAXTITY    AXD    QUALITY    OF    AMYLASE    PRODUCED    BY    VARIOUS    BOTAXICAL 

ISOLATES.     Arch.  Biochem.   10  (1) :  41-54. 
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Kremers.  Edward 

1915     \grict'ltural   alcohol:   studies   of   its   manufacture   in   Germany. 
U.  S.  Dept.  Agr.  Dept.  Bui.  182.  36  pp.     Outi  of  print. 
Covers  mainly  the  economic  features  of  ethyl  alcohol  production  from 
potatoes  in  Germany.     No  technological  details  are  given. 

Kressman,  F.  W. 

1922    the  manufacture  of  ethyl  alcohol  from  wood  waste.     U.  S.  Dept. 
Agr.  Dept.  Bui.  983,  100  pp.     Out  of  print. 

A  survey  of  then-existing  commercial  possibilities  and  a  detailed 
description"  of  experiments  to  determine  optimum  conditions  of  manu- 
facture. 

Lane,  J.  C,  and  Weil,  B.  H. 

1946.  the  synthine  process.     Petrol.  Refiner  (4  parts)  25  (8):  355,  356.  366; 

25  (9):  423.  434;  25  (10):  493,  504;  25  (11):  587,  598.     Subsequently 
published  as  a  book. 
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gines. 
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